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PllEFACE 


The pivsc'iit volimu* is a thorou^lily r(‘vis(-d and largHv • (‘written 
version of tht‘ [)revious exlition of a work whicli was published 
originall 3 ^ in 11)20. Jt is the socoiid volume of a series of three, of which 
the first, d(‘aling with the* ferrous m(‘taLs, was published in its latest 
revised fortn ree(‘ntl 3 ^ Th(‘ third volume eoveis the theory and testing 
of (‘ngin(*ering materials 

Th(‘ book is int(*nded, })rimarilv, for tlie engineer, designer, 
drauglit small, and others eonciTiu'd with th(‘ selection and application 
of nonderrous metals and ecTtain organic inat(‘rials used in engineering, 
e.g. plasties, artificial and natural rublxas, abrasives, ceramics, etc. 
it is int(‘nd(‘d as a us(‘ful guide and reference' work both to the user 
of materials and to th(‘ stiaUmt. 

In th(‘ pn'paralioii of this (‘dition the needs of the aircraft and 
automohile engin((‘r li ive h(‘en giv(‘ii ])rioritv of consideration, but 
more imjKirtant nxpnrements of the nu'chanical, constructional, 
(dectrical engin(‘(T have also lu'cn considered. 

In the ])r(‘s(‘nt trcsitimait no attempt has be(‘n made to give £ 
thing hut a b<ir(‘ outline of the met<ilhirgieal and motallographicojl^^ 
sides of the .suhj(‘('t, sine(‘ Mie hook is intimded for the engineeringp 
user wli(^ is eonet'riK'd mon* with the rneehanieal and physical proper- 
ties of mateiials and their practical applic'ations. 

In view of the inenxising importance, in aircTaft, automobile, and 
many other fi(‘lds of light (*ngineering, ot the ap])lieations of strong 
light alloys, these met.ds liava* been giv<‘n sjM‘eiaJ attention and promin- 
ence in tlie ]>r(\sent work. Th(‘ more reecmt develojunents in connection 
with the use of ]»lasties, plastic -ho ruled plywoods, and svmthetic rubbers 
for various engiiuMTing purposes are also d(*alt with as fully as space 
considerations would allow. 

In conclusion, tlu* writer would like to ixu-ord his appreciation of 
.the assist aiie(' that has been gcmerously aeeordcul in the preparation 
this volume by various firms, institutions, and individuals; in par- 
ctcular to Tlu* Ikitish Aluminium Company, Northern Aluminium 
Companv, (\)p])er Dcwc'lojmumt Association, Mond Nickel Company, 
l*Tessrs. F. A lluglu's, Ltd., High Duty AlJov«, Ltd., Bakelite, Ltd., 
The Ruhbt*r Crowers' Association, Ltd., Tnternatioiial Tin Research 
and Development (/ouneil, Dr. W. H. Hatfield, and Dr. L. Aitchison. 

A. W. JUDGE. 

FaRNHAM, SlTRRRY, 

1943. 
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CHxM^TKH I 

THE NON-FERROUS METALS AND THEIR ALLOYS 

Thlke is a wide ol noii-ieiious m< tals (‘mployed for engineering 

purposes but, .iltliou^li the ])uro met i Is au occasionally used for 
certain a^iplications, it is the alloys ol these A\hich have become of 
much greater importance in recent tines, so that the greater part of 
the present tolume is devoted to some general considt lations of these 
alloys and their cqiplicati ^ns 

The physictil and mechanical jiropeities of the principal metals 
with vhich the engincci isconceined aie gi\en in Tables 1 and 2, and 
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ENGINEERING MATEBlALSf^ 


TABLE 2 

Mecuanicxl and Electrk^vl Propertie^^ of 
Metals 
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induded with these metals eertain others, eg. gold, silver, palladium, 
and tantalum, are given for eomparison purposes. 


The Light Alloys Used in Engineering 

With the ra])id development of aircraft and automobiles the use 
o f light and strong allo\s ha s hecon| c extensive and enabled consid er- 
able reductions in tlie weights of various comp onents to be effected. 
Of the^'lITnitabte' atfoy?^ einpli^^'^cMl for these purp(^^, aluminium 
and matmesiu m are tlic most important constitue nt ^rbasftTn iet^ls, 
and alloys of rhest ^'p the fnrm. f>f forgings, santj 

and'aie- castings are now in common use and frequently employed 
tdreplace pai'ty lilt hen o niade of steel. Apart from their applications in 
the aircraft and automobile industries, light alloys have also numerous 
uses in the various fields of mechanical and electrical engineering. 
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Whilst it is not possible to refer to the numerous examples which 
occur, in the (Hlfereni spheres of engineering, of the replacement of 
s teel parts by th ose made fr om the ligh ter alloys^ one particular 
instance may be (|uote(i, namely, in connection with aircraft engines. 
Of the materials used in the construction of engines prior to 1914 
over 90 per cent, by.weiglit,, were ferrous, i.e. steels and cast iron. In 
1938 ah analysis of the existing aircraft engines reyealed that only 
42 to 48 per cent of the wcighCuos due tot^ic use qf alloy steels, whereas 
from 47 to 53 per c*(‘nt was due to the use of light non-ferrous alloys 
and 3 to 5 per cent heavy non-ferrous alloys. From 0*2 to 0*5 per cent 
of the weight was rnad(‘ up of non-metallic materials, namely, sparking 
plug insulators, cable and ignition plant insulators. 

Other exam[)les tjf tb(‘ use of light alloys in ])lace of steel and cast 
iron are givem in Die eha])ters on aluminium and magnesium and their 
resijeetive allo\s. 

Weight, Strength, and Stifhiess Considerations 

In connection with the selection of materials for engineering parts 
and structures of minimum weight, assuming that the available 
materials can be fabrj(*af(‘d into the required shapes w’ith equal facility, 
and are not discounted on account of physical properties, such as 
corrosion, wear, etc., tlicn the choice of the most suitable material 
mvolves oonsidoralions of tlie specific gra\ity, mechanical strength 
and stiffness. 

Thus, for the li ghted structure weight shoul d 

b e a in aximum. In this connection the strength is taken as the working 
stress, tensile, compressive, torsioii~r>r eoniKned, to "wTiich the 
sfruclure ifrrfntiji^eted mid the weight as represented by Uie specific 
gravity or density. Further, the ratio of ike Miffnef^s to weight should 
be a maximum so as to give minimum deflection under load or to 
enable suitable membiTs to be used without the necessity of additional 
stiffeners. 

Additional requirements in the case of metal parts arc that the 
metals should be capable* of b(*ing machined at high speeds with 
available inachiii(*s and tools* fabricated with ease and the minimum 
of heat -treat mfci; be veldable by both oxy-acetylene and electric 
processes wnthou^^ieeial technique ; be a\ailable in quantity and at 
a cost that is not excessive. 

An interesting comparison may be made between the strength and 
weight properties of a l \pieal alloy steel, a wrought aluminium alloy 
and a wTought magnesium alloy, the ]>ro}>erties of w^hich are given in 
Table 3. 
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TABLE 3 


Comparison of Steel ano Light Ali^oys 


Matf»rial 

0-1% 
Proof 
Stress* 
Tons per 
s(j, in. 

Ultimate 
St ress 
Tons per 
sq. 111 . 

Specifio 
Gravity 
S.G. ‘ 

Proof 

Stress 

~s':g‘“ 

High tensile stool 
Aluminmm alloy . -i 
Magnesium ulloy | 

50 

65 

1 7 85 

1 ■ t> CJC 

f>-36 

7-72 

6-55 

1 

■^28 ' — ■ 
Y 17 

7 JL nn 

1 ri83 


Modulus 

of 

Klawticity 
Lb. per 
sq. in. 

29 X 10« 
10-5 X 10« 
0-5 X 10« 


* Proof Stress (01%). as defined by tho P.F^.S.A., is that stress at which 
the stress-strain curve departs by 0*1 per cent of the jscaupo length from the 
straight line of jiroportionality. 


These results show that t he aluminium and magnes ium alloy s have 
a better stroiigthdo-u ei ght raFio than the steaL It shouia be mertfioned. 
hcfVever^ that alloy steels having a proof stress of 65 tons per sq. in. 
are employed in engineering so that such steels would have a higher 
strength -to- weight ratio than either of the light alloys in question. 

In the case of tubular and sheet metal constructions requiring the 
maximum strength for a given weight, the use of high tensile steels is 
often limited by the fact that the sections of the members become too 
thin and are liable to buckle under compression loads. Although 
special built-up sections of box-like form can be employed, it is 
generally more satisfactory to use a light alloy which gives a greater 
thickness of metal for the same strength proper^s. Other disad- 
vantages of thin alloy steel sections are the diniculties of taking 
concentrated load effects, the necessity for laminations where tapered 
sections would be used for light alloys and increased difficulty in ob- 
taining satisfactory riveted joints. In the latter eoimection a higher 
efficiency figure is obtained for rivet values in shear against the thicker 
w^all of the light alloy. Tliese considerations are of special importance 
in connection with aircraft metal constructions. 

It is possible to make comparisons betw^een the wei ghty stren gth 
and stiffness of sheet metals of different mat erials. Thus, if the thickness 
of the sheet be c |enoted by t, tli^n th(‘ weight for a^iven size of sheet 
will be proport ionaHo t, the strength in bending to and the stiffness 
in bendmg to 

If the values for the proof stresses, weights and moduli of elasticity 
given in Table 3 are employed, the comparative weights, strengths 
and stiffnesses of sh(‘et metals of thickness / will be as shown in Table 
4. It will be observed from the second column that these quantities 
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are considered for conditions of (1) equal thickness of sheet, (2) equal 
tensile strength (proof stress), (3) equal stiffness, and (4) equal weigh! . 

TABLE 4 

Comparison of Wkiuhts, Strengths, and Stiffnesses of 
S flEKT ?4ETAIiS 


Materiiil ^ | e i* Weij^hf •‘strength S^tll^n^s 


1 

1 

1 

1 " ' J 

1 r X iv 

steel 


I 

1 

1 j : 

1 

100 

100 

i 100 

Aliiiniiiiiiiii alloy 

KfluaJ 

1 1 

] 

1 

.1(5 

44 

36 

MuRnt Slum allo> 

'Jluckness 

1 j 

' 

‘ 

23 

24 ; 

23 

btcol 1 


! ‘ ‘ 

1 1 

1 1 

100 

100 

100 

Aluniitnuni alhn 

liiltial 

1 r>i 

2 2S 

.141 1 

.54 .S 

100 

124 

]Vlaf?iusium 

Sticn^ith 

2 0 1 

4 U, 1 

s 4‘> j 

17 5 

100 

190 

Steel 


I i 

1 

1 

100 

100 

100 

Aluiiiiimim 

Eijiial 

I 4 

1 

2 7(i 

,51 

2 

100 

MaKnesmm ullov 

SI 

1 (»4 

2 7 

4 4t> 

as 

()4 S 

100 

Steel 


1 

1 

1 1 

100 

100 

100 

Alunununn a]U)^ 


2 

7 55 

i 20 S 

100 

3.12 

750 

MaKuesimn alloN 

W ( iKht 

4 .1 

Is t 

hO 

100 

442 

1790 


t thickness,/ luool stn ss, /; iiiodulus of tlastn it \ 


The results givtui in Table 4 illustrate {several interesting points 
showing to the advantage of the lighter alloys when used in greater 
thicknesses than for st(*el. Thus, for equal stnnigths, it is necessary 
to use aluminium alloy plates 51 per cent thicker than steel, but the 
relative weight is only 54-8 ])er cent of that of the steel plate ; further, 
the stiffness of this thickness of plate for the alumijiium alloy is 24 per 
cent greater than for steel of equal strength. 

The magnesium alloy ])late of equal strength is about twice the 
thickness of the steel f)late, is less than one-half the weight and nearly 
double the stiffness. 

For })laU's of equal stiffness the aluminium and magnesium alloys 
require to bo 40 and 04 per cent thicker resjiectively ; they weigh 
only 51 and 38 per cent of the steel plate, but have only 80-2 and 64-8 
per cent of the tensile or bending strength. 

When the com})arison is made on the basis of equal weights it wdll 
be observed that the strengths of the aluminium and magnesium alloys 
are 3*32 and 4*42 as great as for steel, and the stiffness 7*5 and 17*9 
times as great resjx'ctively. 

An interesting comj)arison of the strength and rigidity of beams 
made of steel and R.R. 56 aluminium alloy is shown in Fig. 1.* 


♦ Bureau of Jnfonnation on Nickel, 
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The following are pdriiciilars of the two metals in qiiestion — 


TABLE 5 

(V)MPak\tim: PivOPERTJEs oi^ Stj i:l and R.R. 56 Alloy 


Mttal 


Ste»el 

K H r)(i alloN, heat tl 

and aged 



Tt^nsilo 

Young’s 

Spec dn 

St length 

' ModuJus 

(Uax it\ 

(Tons per 

ll)'»lh f)or 


SCI ) 

Hcj in 

7.. 1 

30 

I 

3(1 

2 S 

2d 

j 10 0 


The (liciitrams and dat«t gueii in Fiu 1 show that lor equal 
bending stndigth and deli(‘(tion the K of) allov beams aie much 
lightei than the s'e(*l om^s further, th(‘ low(‘r (‘lasiie modulus value 
of the former alloy is eomp(‘nsated foi in r(‘trard to the delleetum by 
suitable alteration ut design of the section. 


EQUIVALENT BEAMS 



STEEL RRM ILR56 RRM 

SlANOAMO Sfrr ON IQtlAl sritINCTM tQUAl OtHICT ON EQUAL OULfCT ON 
WE&HTPt»rr LB 7 LB LB 7 * LB 

AflAT VI iTMINCTH IQ 2 03 It 

KtLAT vt OEELECT ON t , i/ f 0 10 


1 CoMPAinsoN oi Kqi ivalint Hi-ams in JSiKja^ 
AM) K.H. Oh \LL<n 


Another uscdul nudhod of (omparison is gucai in Fig 2 for beams 
of the same two metals. 

In this connection the letter a represents one sid(‘ of the square. 
Thus, for beams of eciual stiffness it is seen th«it the weight of R.R.56 
is 60 per cent of that of steel, wdiile the* strength is 265 per cent. 

For beams of equal weight the stiffness of R.R.56 is 278 per cent 
of that of steel, ancl its strength 388 per cent. 



TIIK NON-FTORROrS MKTALS AND THKIR ALLOYS 


9 


The letter d e(|nalH d(*f)lh of beams. 

Thus, for equal stiftjiess, ihe str(*ngth of the R.R.5h beam is 164 
per cent of ihat of steel, vAhilst its weight is 50 per cent. 

For beams of equal \\eioht the stnm^tli is 6()0 por cent of that of 
steel, wlhlst tlic stiffn(‘ss is 700 ptT c(‘nl. 



Steel 

■ 

K K.5G. 

■ 

R.R jH. 

■ 

R.R 56. 

■ 

n 

I 

1 

1 3 

1 ()7 

\\ ( ijjht 

... 100 

35 1 

60 

100 

Stl< IlRth 

. . no 

S3 

200 

3S8 

Slittin -.s 

. . 100 

35 

100 

278 

(. onstniit u dth, coiulitioiis 

.IS in, foi 

t Xrfiuplt , sheet 


St^d. 

K R 5(» 

R.K.50. 

R.K.50. 



mm 


■■1 

</ 

1 

1 

1 1 

2 S2 

Wf'iclit 

100 

.{.•> 1 

50 

100 

Stienptli 

100 

s > 

J(.l 

(>(>0 

Stllfllt<.S 

too 


100 

700 


Kk.. ‘J. \NorHCu MKriioi) oi (’omtaktson (U< vStkel and 
H.ILr)<) Aia/0\ l^KVMs 

Aircraft Structure Considerations 

In addition to tlu* information pr(‘\ iousl\ giv(‘n it rtiay be mentioned 
that in n'^^ard to the selection of th(* most suitable maU'rials light 
alloys hav(‘ r(q)laced steel for a large number of ])arts. In one typh'al 
exampte^'Trmnclv. that of tin* nu'ta]^ stress^-sliiu_t:o\ eriiig, steel sliest 
d(K\s not give tlu‘ neeessaiA decree ot stifiPness and light alkns are 
invariably used for the [)urpose. .\nolher ap])ii(‘at ion is for the cylin- 
ders of uiidcrcarriage .^^^^mtin^ssion struts for which tlu' liglit alloys 
givt'^ greater wall thickness for a given weight, namely, from 3 to 
4^ times that of 50-ton (jiroof stress) steel and therefore greater strength 
in (‘ompression or buckling. 

For many ])urposes, however, where parts are subject to fatigue 
or impact etfects, steel is sujierior f< if "so lid mei^Ei;rs ,"~f )ut for tTvin 
shcdJons m ulcT^iucklmg IcKuj^s t fiFTi^it er a Ho p refera ble. 

”^An Interesting coruparison of the relative merits of steels and light 
alloys for aircraft structures* is given in Table 6, for the various 
applications mentioned. 


♦ The Uriaiol Reviev . 
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TABLE 6 

Comparison of Stkel and I^toht Alloy for Specified Uses 


Dotnila 


Flanges 
(Wing Spars) 


Webs . 


SttH-l 


Light Alloy 


Flanges formed from strip into 
special shapes and laminations 
to give the required tai>ere(i 
effeet for constant strength 
against loadiugfrom root to tip. 


Webs corrugated for stability in 
thin gauges and having niiiner- 
ouH viTtical stificners. 


Flanges formed from extruded 
sections in simple shapes, 
machined towards the tip for 
taper. 


Webs of flat sheet with vertical 
stilleiKTH. 


End flttings 


End fltt ings presenting difficulties 
in certain cases, where shapi* 
has to conform to tin' formed 
section.s the flanges. 


Steel end flttings may be used, 
l)ut they will be of relatively 
simple form when pii'king up 
the extruded flange .seidions. 


Formers and stringers 
on w ings or fuselages 


Can be readily formed into suit- 
able shajie. but in order to keep 
dov n weight and n'inaiii stable 
in thin gauges, the J of the 
section would lie relati\el.\ 
small. 


Can lie readily formed into shapo. 
Tile o^e^all si/.(‘ compared ^^ith 
steel would be greater (due to 
wall tbiekness ratio of 3 : 1 
lel.itive to ste<*l), eonseqiientb 
giving a lietter figure tor the I. 


Riba for all planes 


Tlie.se would probably have to lie 
built up from formed section-, 
t o keep w ithlu the weight allow - 
aiiee. If made from sheet, a hig 
percentage of the* material 
would be removed in the form 
of special shaped lightening 
boles to retain stability over 
the ]»lain areas. 


Covering: planes and 
fuselage 


Siieeial torming operations would 
l)(* recpiired on the sheet to 
r<‘tain staliility over the un- 
supported areas. This w’^oiild 
lead to gr«*at iliffloulties in 
assembling and joining opera- 
tions in the light gaiige.s, whicli 
would nece-ssarily have to be 
used to keep the ws*ight flgiire 
w ithiii tfiat allow'cd. 


Engine iiioiintiiig and 
undercarriage jiaits 
subjected to bigh- 
freiuiency vibrations 
and alternating load 


Steel flttings having a superior 
fatigue range po-.se.s.s the ipiali- 
ties necessary tor this group, 
and, owniig to their liigli load- 
earrying capacity, give a com- 
pact detail w'ith miiiiinuin 
scantling sizes. Forged fittings 
lip to flr> tons i)er sq in. are 
a\ailahle for this group. 


Made fiom sheet with circular 
lightening holes, flanged to give 
stabilit.v. 


Can be salefv useil in the flat down 
to a thickness ol 34 S.W.G. 
without pre.senting any real 
difliculty in breaking up the free 
aieas to retain stability. 


Fittings made under tliis group 
will only lie found eat indy suit- 
able in certain ca.ses. Tlicy are 
not geiieially considered so good 
as those under the steel heading. 


I 


In conno(;tion wiili the dhc of light alloys for aircraft and similar 
applications where wall and section thicknesses must not bo less than 
certain minimum values under given strength or stiffness conditions, 
the use of extruded light alloys of various sections is recommended; 
a typical selection of su(*b sections made by Reynolds Tube ('o., Lid., 
is given in Fig. 3. 

With regard to the use of the strong light aluminium alloys in 
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aircraft c*onhtructiorL apart from the use of castings, the forged and 
heat-treated alloys are employed for most of the stress-bearing members 
of the airframe in the forms of extruded sections or large tubes , some 
of these members arc tai)ered in gauge. The use of extruded sections 
is now general throughout the framework of modem aircraft. 



Fi(}. 3. A Si:lk('Tion of Extruded Sections in Light Alloy 


Some typical examples and applications of these sections are given 
in Fig. 4* for alloys of the duralumin, R.R. and super-duralumin 
classes, Furth<‘r applications of light alloy comj)onents are shown in 
Figs. 5 and b. 

The coverings of mod(*rn all-metal aircraft are usually of aluminium 
alloy, clad with pur(‘ aluminium, in order to withstand atmospheric 
corrosion elTects. 

Although the stronger aluminium alloys arc used for stress-bearing 

* “Materials of .Aircraft Construction,” H. J, Gough, Joum, Roy, Aeron. 
iSvc.f 26th May. 1938. 
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members, the lighter magnesium alJoys are employed for fittings and 
"pSrts“(Tf secon^ry importance^ where weight saving can be effected. 
Cn general, "the tendency is io avoid built-up alloy structures as far as 
possible and to substitute castings or wrought alloys in the forged or 
extruded forms for these, (^oncermng the usi» of she<^1 materials, about 



FLANOC AND ATTACHMENT W NG SPAR fLANOC 

TYPICAL EXAMPLES TYPICAL APPLICATIONS 

Fitir. 4 ExiRi DED Lk.ht Vllo\ Sxt rioNs and Some 

ATIOVJ 

50 |)er cent of the alloy ])arts used in modern aircraft are of plain 
duralumin, about 40 ])er cent of “clad*’ alloys and the rest in one of 
the stronger alloys. About 00 to 70 per cent of the extrusions and parts 
machined from bars are of ])Iain durdlumin and the remainder of 
stronger allots such as R,K 50. About 80 per cent of the tubes are of 
plain duralumin and the remainder of stronger light alloys. 

Light alloys, with ultimate stress values up to 28 tons per sq. in., 
are available, and parts made from such alloys in(*hide aircraft engine 
cylinder heacl^s, pistons, vq^riable-pitch ^airscrew* blades, operating 
levers, retractable undercarriage eom})onents, brackets, supercharger 
parts, covers, cowlings, main bearing caps of engines, engine bearers, 
etc. 

The use of these alloys, however, involves special attention to 
^ j^rotecti on agaioa LjC orrosion . lo cal w ar effects and the effect of tem*- 
p erature u pon the stT^ngih value^olTlTTrrTTi ^^ 

The magnesium group oF alTOys, in parScular^^ is readily corro dible 
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fy.!! Btre ngt h and liardnebs qualities Some of these alloys also undergo 
a gradual hardening process after** annealing , this is termed “ageing/’ 
so that it is necessary for cold-working and riveting purpdieaTo 
use the^ p^fiL. within Jielati wlr - s h eg^^>€>fk4 J^ter softening has 
been effected. 



1.4 ENGINEERING MATERIALS 

Vomperature Effects on light Alloys 

In connection with the application of light alloys to internal 
combustion engines for components which are subject to normal 
working temperatures appreciably above atmospheric values, special 
cojisideration must be given to the effects of these temperatures upon 
the strength and hardness properties of the metals. Although at 
ordinary air temperatures some of the available alloys are superior to 
steel in regard to their strength-to-weight ratios and haysunuch better 
thermal conduction prop«i^i^s, the earrect basis of comparison should 
‘ “ * always be made under actual working 

temperature conditions , ijn this Tospect 
mostjight alloys show a notable falling 
off in strength and hardness values with- 
temperature mcreasc. There are, how- 
ever, certain of these alloys )vhich still 
retain suffi(^nt strength at normal 
enginej ^nrking temperatures to jus t ify 
c ompletely their substitution for steels 
for parts such as pistoilslind ^linder 
'Heads’.'^ 

' The strength of a light alloy at 
elevated temperatures involves two 
principal considerations, namely (1) the 
effect of the workii^ temperature upon 
the mechanical properties, and (2) the 
effect of prolSuged exposure to high 
working temperatures upon the mechan- 
ical properties after cooling do^^n to air 
temperatures The results of investigations show that the effects of 
exposing different light alloys to high temperatures are not always 
regular. Thus, the alloys which derive their strength properties from 
the application of cold work, e.g. rolling or extrusion, will be per- 
manently softened by exposure to high temperature. Other alloys, 
whic h age-harden at temperatures of about the room air temp era- 
t ures, are unatte^ d at high temperatures. un"^ bg^tS^ e reach or 
e xceed the anneali ng lem pratnr^ ^N-whm^ftenir ^ 
affoys will become harder, but more brittle, when exposed to high 
temperatures below the annea]^:ig temperature. 

In regard to the order of the temperatures experienced in the case 
of air-cooled engines used for aircraft these seldom exceed about 
375® C. in the case of light alloy cylinder heads and 360® C. for the 
highest temperature of the piston crown. Fig. 7 illustrates the usual 
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temperature values for a radial air-cooled engine. The hot metals 
surrounding the combustion chamber space are, in addition, exposed to 
rapidly varying pressure effects due to the working cycles ; the maximum 
pressure values generally lie between about 600 and 700 lb. per sq. in. 

The aluminium light alloys used for petrol engine cylinders and 



Flo, 8 . Ct KSJS SHOWING IHK STRENGTH AT ElI VATED TEMrEBATURES 

OF VARioirs Aluminium Alloys aftsjr being maintained for 30 mins. 
AT the Tempi ratures Indicated 


pistons have included copper, zinc and silicon content metals, but the 
more recent materials of this class are Hiduminium R.R.50, R.R.53, 
and R.R.69 and Y-alloy. The two latter alloys are employed as 
forgings and the cylinder heads machined from them. Sand-cast 
R.R.60 and R.R.53 alloys are also used for intricate shapes. 

The strengths of these alloys at various temperatures up to about 
360° C. are shown graphically in Fig. 8. The general trend of the 
Hiduminium and Y-alloy curves indicates that there is practically 


ENGIKEBRING MATERIALS 

lao diminution in tensile strength for temperatures up to about 100° C., 
but for higher values the strength falls ra])idly, until at 300° C. the 
values lie between about one-third and one-half of the normal air 
temperature ones. 

The wrought high-strength magnesium alloys used for certain 
parts of aircraft engines, such as th(' crankcases and cylinder head 
covers, also show an appreciable diminution of strength with temper- 
ature increase, the results being more accentuated, as a rule, than in 
the case oi aluminium alloys. Some (‘oniparative results for the 
magnesium alloy kno\\n as Eleklron and three' other high strength 
aluminium alloys are given in Table 7. It will be seen from these 

TABLE 7 

Stren(.ths of Light Alloys at Elevvted Temperatures 


Temper ature C 
of Test ] 

1 

Ultimate Tensile Stress m tons per sq. in. 

Elektron 
AZ.8r)5 ' 

1 1 

Duralumin | 

Y-Alloy 

R.R.56 

20 

20 0 1 

26 5 

25 0 

27-0 

100 

16 5 

25 5 

23*5 

24 0 

150 

13 7 

22-5 

22-6 

22-5 

200 

120 

20-0 

21-6 

21*0 

250 

6 0 

18 5 

210 

20-6 

300 

— 

13 0 

16-5 1 

150 

350 

— 

8 0 

13 0 

100 


values that at 250^ C. the magnesium alloy has only 30 per cent of 
its normal air temperature strength, whereas duralumin, Y-alloy and 
R.R.56 have 70, 84 and 76 per cent respectively these results 
emphasize clearly the superiority of the aluminium alloys for petrol 
engine eylinders (with steeljiners)^ cylinder heads and pistons Mention 
shoutd here be made of certain special magnesium alloys having rather 
higher strengths at elevated temperatures than tlie example given in 
Table 7 Thus an alloy containing 10 per cent cerium, 1-5 per cent 
cobalt, 1 *5 per cent manganese and the rest magnesium has a tensile 
strength of 18-6 tons per sq. in. at 20' C , 13-2 tons jier sq. in. at 200° C. 
and 7*4 tons per sq. in. at 300° C. 

The cast magnesium alloys used for aircraft engines show a some- 
what similar rate of decrease of strength with temperature increase, 
but have lower initial strength values at air temperatures. Thus, 
Elektron AZG and A. 8 sand-cast alloys have yield points of 6 to 7 tons 
per sq. in. and tensile strengths of 10 to 12 tons per sq. in.* with 6 to 3 
per cent elongation and 45 to 55 Brinell hardness values. 

* Solution treated alloys give maximum values of 15 to 20 tons per sq. in. 
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Concerning the effect of temperature upon the hardness ol light 
aluminium alloys, although there is generally little alteration for 
temi>eratures up to 100''(\, above this value the hardness falls pro- 
gressively until at 400'^ (J. it is from 50 to 03 per cent of the normal 
air value. Table 8 shows the results ol hardtiess tests* on typical 
wrought light alloys after reheating to elevated temperatures, after 
complete heat-treatment. 

TABLE 8 

Bhinell Hardnesses or Lioht Wroucjut Ali/)ys at Elivated 

Temper \Ti’HES 


Ternperatuio 

.. _ 1 

Duralumin 

1 1 

Y-Alloy 

' R R 56 Alloy 

20 

100 .5 

98 0 

130 

100 

106 5 

98 0 

130 

150 

95 0 

98 0 

130 

200 i 

90 0 

98 0 

125 

250 

S5 0 

98 0 

no 

300 

77 0 1 

, 85 0 

82 

400 

6 1 5 j 

__l 

1 62 5 

62 


It will be seen that for temperatures up to about 250" C. the Y-alloy 
maintain s its lD iT(j jfest s . b 444> ei :uJ Juin the o ther alloys. t- 

Tht'^l^'eet of prolonged exj)osure to high temperatures upon the 
hardness of light alloys of tlu* wrought ejass is illustrated by the results 
given in Table 9 for specimen^ exposed at 200" C. for a period of 
13 weeks. The alloys in (pieslion were fully heat-treated before testing. 


TABLE 9 

Effect upon Hardness of Proloncjed Expost re at 200" C. 


Material 

Bnnoll Hardness Number 

i ” 

Hcfoit3 Exposure j After Exposure 

Ago-hardcued duraluiniu 

114 0 

60-5 

Age-liardont'd V-alloN 

96 3 ! 

69- 1 

Artificially -aged It H 56 allo;> 

130 0 

58 6 


The superiority of the -alloy to the effects of jirolonged exposure 
at 200® C. is clearly indicated by the results in Table 9. 

♦ “Strong Ligfit of To-day/’ L. Aitchison, Proc. Inst. Antom. Engra., 

><tarch, 1933. 
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Equilibrium Diagrams of Alloys 

In subsequent considerations of various alloys in this volume, their 
constitutions are referred to in many instances, so that it may bo of 
interest to give a brief account of this subject for the benefit of those 
readers who are not conversant with it. 

When two diff erent metals are melted and mixed t ogether an alloy 
is usually prodded consisting of a solution'm one ^ thes^mctals^in 
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Fig. 9. Simplu Equigibkium Dia(.ram tou Two Mr. pals X. and Y 


J>he other. If the metals and c nmponitinnn nrn m iitably selected, when 
.the molten mass is cooled dow n if. fn^ma a. nnifnrni and ho mog eneous 
"solid w Mehl)eJia ^° ^ ni f^tal but with omerent pi!f>]^l(^rtres mm either 
o f the^Twoconst ituents. This solid metal is kn own as a solid solution, 
Jji^eneral, in the case dTalloys^of two metals, the solid solutioiT usually 
has superior properties to those of the. crastituent metals.^Thus, the 
^^ninTTumly alloys) an d brohzes Je op^f>tin) 

Rave ihucE~betto me chanical proper ties than any of the ind ividual 
metals concernecl*--- 

^ ^^olid snlnt.inng fin nnf bnwftypT^ oneiir ftxce pt U nder special circum- 
stances, the usual process being that of the formation of an inter- 
met«dlip^ compound of defmite composition. Thii^ compcnind may, 
howevef; dissoIveTn an excess of one of the metals and thus form 
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another kind of solid solu tion. Usually, the intermetallic coisipound is 
(if a hard and brittle nature and has no practical-eiliplication. 

It will be seen that an alloy does not usually consist of a simple 
solid solution but contains two or three substances or phases it is the 
nature and proportion of the letter that determine the properties* of 
the alloy* The phase relationships in alloys fiie naore conveniently 
studied from the eqinlibrivrn (or constitutional) diagrams, namely, 
diagrams of temperature and eon) posi tion, , showing the melting and 
solidifying points of the various ailoys. 

Fig. 9 illustrates a typical equilibrium diagram Sot two metals 
designated by the letters X and JT- These metals are mixed in various 
proportioi^ between iQOuper eei^ X an d 0 peg.-^entHPtas indicated 
at P) and 100 per cent Y andTl^r cent X (as at Q). The melting 
points of all the alloys between P and Q are shown by the lines 
AB and B C, known a s th e' liquidus li ne. All points on“-4he equi- 
libriu m diagram abovcTThe line AKO correspon d to the liqu id state 
of the alloys. 

^T?he areas ABD and CBB correspond to the partly solidified alloys 
or “pasijr!!. condition. ^ 

'TPhe alloy of X atid Y having the lowest melting point corresponds 
to that of the point B. This alloy w hen cooled from the liquid condition 
above B does not pass through any pa, 3 ty condition but solidified 
suddenly. It is knowm as the eutectic of X a iid Y and is compos ed of 
X and Y in the proportions cs ElE to - ' 

The behaviour of any alloy, such as that represented by the point 
Q (corresponding to GQ of X and PG of Y), when cooled from .the 
liquid condition may be studied by drawing tlje ordinate FLO, ^When 
cooled from the liquid to’the |toint F on the liquidus curve, crystals 
of X commence to deposit. As the temperature falls gradually towards 
that of the point L, more and more crystals of deposited. 

The solution in which these crystals form consists of the pure 
metal F, and it follow\s,that as the temperature falls iow^ards L, this 
solution must become richer dnd richer in the metal F, Aince more 
and more of the crystals of metal X are being deposited. At any 
intermediate temperature prr>pr>rfin ^ ^f f.Lp 1iqni<I ~ -Y i a P Apr^. 

sented by the abscissa KHIL As cooling proceeds this composition 
point H moves towards B until, when the temperature reaches the 
solidus line DLBE, the liquid has the composition denoted by the 
eutectic point B. 

If the point F had been selected on the line BC, then the cooling 
process would have consisted in the deposition 0 f crystals of the pure 
^ metal F in a liquid solution of X._^ — — 
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Usually, the equilibrium diagrams of commercial alloys are more 
complex than the simple eutectic type shown in Fig. 9, as most of 
the alloys undergo more than on(‘ transformation in cooling from the 
liquid to solid states, ' * 

An example of such a diagram,* gi^en in Fig. 10, will serve to 
indicate the general changes that occur in such instances. 

In this diagram the line II FI is the liquidus and GFE tlie solidus 
for the metals denoted by the letters A and B resj)ectively. The areas 
HGF and FEI represent the “j)asty’' state. The area A(^GU indicates 



Ficj. 10. (iEVRJiAi. Type of m Diaobam i ok a Soeid Sou tion 


that the metal B is soluble to some extent in A ; thus at normal air 
temperature the metal B is soluble in A by the amount re])resented 
by AC, Similarly A is soluble in B by the amount DB at normal 
temperature. When the alloy is at the temperature L corresponding 
to GFE, namely, the eutectic one, the solubilities incnvise by the 
amounts represented by the horizontal distances of G and E from the 
lines AH and BI, respectively. The alloy of com])osition F is the 
eutectic, but consists nol of a mixture of A and B but of Ihe solid 
solutions represented by a and fi. At the temperature L the first 
solid eutectic consists of a solution of composition (H and fi solution 
of composition E. 

In the case of an alloy of composition P, cooled from the liquid 
state above O, the first solid to separate out at () ('onsists of a solid 
solution of composition Q. The liquid, as the solid portion separates 
out with falling temperature, becomes richer in the metal A, and the 


* “Copper and Its Alloys,’' F. A. P’ox, Machinery, 14th April, 1938. 
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composition moves towards the point F. At the temperature Y the 
solid deposited consists of ft solution as given by V and the composition 
|)f the liquid is represented by T/; this composition, with falling 
temperature, moves along OF and that of the solid along QE, At the 
temperature L, the composition of the liquid is F and this solidifies 
as eutectic. The alloy then consists of primary /? solution and eutectic. 
With further diminution of temperature the fi solid solution cannot 
retain in solution all of the A metal it contains and commences to 
break down into a mixture of a solid solution and solid solution 
containing less of A ; tliis change is denoted by the crossing of the 
line ED at points 8U(‘h as R and W, When the alloy js at air temper- 
ature it/ consists offi solid solution of composition up to D and eutectic 
of composition F. 

The alloy of com])osition T will solidify without forming a eutectic 
'and will consist entirely of /i solid solution. 



CHAPTER II 

ALUBONIUM 


Commercial aluminium is obtained chiefly from ^Bgaixite, aijjhnpure 
hy drated r j nnvminTy^ a nd Ka olin, or Chin a Clay^ a double silmate 

of ahioainium. Other jiatural ojres include Corundum (aluminium ojtide) 
aHad the Fluoride — ^a double fluoride of aluimhium arid sodium. 

Th^metal Is usually eAtractedT from^'Fa^ by an electrolytic 
extr action proce ss employing the electric arcJbype^oJ^flirnace ; the 
Hdroult electrmluriitace is a typical example of the latter. 

AJuminium_is a white lustrous metal having a specific gravity of 
2 • 7M j^o j2:210rTe* abTiUt OM-thirdThe weight of ironTfficTpossessing 
exc ellent thermal and heat conductivities . It i s also noted fo r its 
resi stance to corrosion, i^ ( ^r atmospheric conditio]m >..jrhc physical 
properties of pur^luminium are given m Table 10. 

TABLE 10 

Physical Properties of Pure Aluminium 


l^roperty 


Atomic Weight (Oxygen « 16) 

Spec. Ht , 20^-400® C. (a\.) eala. 

Spec. Thermal Conductivity in cals, pet cm. 
cub • per degree C. per sec., at 0® O. . 

Approx. Eelative Heat Conductivity 
(Silver =- 100%) ... 

Melting Point (99-97% pure) “(’ent. 

„ „ (99 66% pur6) “Cent. 

Boiling Point, “Cent. 

Latent Ht. of Fusion, cals, pei giii. 

Total Jit. referred to 20“ C., 
calories per gni. 400“ C. . . 

„ „ 600® C. 

„ „ 700° C. 

Vapour Pleasure at 658 7 niiii. ol Mercury 

Heat of Combustion to AlgOa per gin. mol., cals. 
Coeft. of Linear Expansion /“C. 

H.D. Wire, 0°-30® C. ... 

Rolled metal (normal purity), 

Average value, 20°-100° C. . 

„ „ 20®-.300° C. . . . 

,. „ 20° 600° C. 

Specific (gravity — 

H.D. Wire (electrical conductors) 

Rolled sheet (normal purity) 

Molten (99 75% pure). 658 7° C. 

„ „ ,, 1100® C. . 

Wt. of 1 cub. ft. of Aluminium (normal purity), 

lb. 


Value 

Authority 

26 97 

Int. Atomic Wt. (’omm., 1929. 

0 24 

Int. Cnt. Tables Formula. 

0 502 

Bailey, Proc. Roy. Soc. A., 134, 
57-76, 1931. 

51 8 . 


659 8 ^ ^ 

\ Edwards, J., American 

658 7 

/ Electrochiun. Soc , 1925 

J800 

Ureenwood, Vroc. Royal Soc. 
82, 1909. 

92 4 


' Awbery <k Griffiths, Proc, 

88 

> Phys. Soc., Loud. Vol. 38, 

146 

267 

1 0 X 10-“ 

J pt. 5, Aug. 15, 1926. 

Richards, Jour. Franklin Inst., 
Vol 187, 1919. 

383,900 

A.S.S.T. Handbook. 

23 X 10 • 

B.S. Spec. 215. 

23 X 10 • 

24 X J0-" 

\ Based on Hldnert. U.S. 

26 7 X 10-* 

I Bureau of Standards Paper 

28 6 X 10-* 

) No. 497. 

2 703 

B.S.S. No. 215, 1934. 

2 71 

2 382 

2 262 

British Aluminium Co. Ltd. 

\ Edwards & Moorman, Chem. 

I Met. Eng., Vol. 24, pp. 61- 
j 64, 1921. 

169 18 

Calculated from Specific Gra- 


vity. V 
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TABLE 11 


Mechanical Properties of Aluminium 


Property 

\aluo 

Authority 

Modulus of Elasticity, lb /sq in 

9 9 y 10* 

B S S No 215, 1934 

Torsion Modulus, lb /sq in 

.87 y lO* 

Koth & Danneekei, Ann d 
Phys , 1916 

Poisson's Ratio 

0 36 

Bun au of Standards, C.rc No 
7b, 1919 

Tensile Strength of Sheet — 


Annealed, tons/sq in 

5 6J 

BSS No 2L17, 1922 

Half Hard tons/sq in 

7 8i 

H S S No 2L16, 1922 

Hard, toiiB/sq in 

9 (min ) 

BSS No 2L4, 1922 

Percentage Elongation in 2 in 

Pure ( dstings, Sand 

20 30 

British Ahiininiiim Co , I td 

„ „ Chill 

30-40 


Pure Sheet, Annoakd 

J 2-40 


,, „ lldlf Hard 

5 12 


„ „ Hard 

HD Wire 

2 8 


4 7 


'seleroRCOpe llardiuss (mig him ) 



Annealed or Cast 

5 5i 


Cold rolled ( 128''- 020") 

15 22 


Rriuell Hardness, 1 mm /5 kgm - 



Cast 

20 28 


Annealed Sheet 

19 23 


Hard Sheet 

38 45 

• 


TABLE 12 

Electrical Properties oi Aluminium 


Proi)c*rt> 


Max Specifle K<s foriniicrohms/rni cube 
HD Wiieat2()“C /iiiurohnis/in tube 
Standard Sptudc Rea fornnicrohms/cni cubt 
HI) Wire at ‘iO"' t Jiuk rohms/ni tubt 
Coefficient of increase of rs with ttniu 
for J1 D wire at 15 0“ ( (60 1 ) /I 

Ehctrochem eq[ui^alent, grs pir coulomb 

Electrolytic solution potential against a normil 
hydrogen electrode (in normal aluminium 
sulphate) volts 

Thermo-electromotive force against pure plati 
num for 99 97% A1 at 100“ C inillhutta 
Magnetic Susceptibility at IS" C 


V ihu I Aiithoiit\ 


2H7i> P A ( o Guar mtecd maximum 
1 131 i 

2M> R S.S No 215, 1934 

1 1199 „ 

0 00407 
0 00221 ) 

0 0000)116 Calcul ited from stand \al for 
Bih tr 


1 3 Bureau of Standards Circ 346 

+ 41b 

0 63 X 10 • I ( r ^ol VI, p 354 


Microscopic Structure Aluminium and its softer alloj^s are not 
easy subjects to prepare for microscopic examination, owing to their 
softness and readiness to scratch and tarnish, the hydrated oxide 
^^ch forms is difficult to remove without affecting the etched surface, 
pne harder alloys are much easier to prepare for examination 



which is almost insoluble 


in 



24 


BNGINEEBING MATERIALS 


solid aluminiuni, and it is kn own that no sampio ot aiuminiuni -is 
absol utely free from this conjpoiincL ^ 

'^Trh(‘ presence of this iron eompound is shown in unetched specimens 
as a light eolouTcd lonstituont, with smaller and darker pieces of 

silicon (another 

r t ^ impurity) em- 



bedded in a mat- 
rix of a luhii mum 
structure 
of aluminium 
nTay Be examined 
b y treat ing the 
polished surface 
su( Tes^ely with 
cau ^ic* soda ft o 
( ombine with the 
metEd)'aTid nitric 
and Jio remove 
this (onrpound) 
Alternat ively, 


>1(4 11 4li \riMl M hJfl I I, 
( 1 '>(>) 


caustK soda and 
aqueous hydro- 



Fia 12 Atiiminktm Shcei, Ann^aim 
(X 150) 


fluoric acid may 
be used 

Figs 11 and 
12 show the 
st nut lire of or- 
dinary sheet 


aluminium, in, 
the rolled ana 
annealed states 
respectiveljf 

The efiect of 
rolling IS to give 
a distinct grain 
efiect in the direcs 
tion of rolhng, 


which annealing 
effectively re- 
moves ^ 


The structure j)f pure aluminium is minutely granular m appear 


ance a'ar\een in etched specimen^ 
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Commercial Aluminium 

The commercial grades of aluminium us('d for rolling into sheets 
for domestic, industrial and chemical pur} 3 oses an* about 00-0 per 
pure, whilst that employed for *electri(‘al cond uctors is 09-5 per c*ent 
pure. Th e impTiritr(*s usiuiTTy fculh^ iir ctnnmercial aluminiiyTis 
are iron and silicon ; traces of (*opT>er, sodir.m and zin c are soiaiitimes 
j)resenr. “ " 

Ahtytnnium fihcH is supplied normally uith \ bright finish but if 
desired the satin an<i frosted finishes are sup})lied. Another kind of 
finish, known as the “Anodized Quality” is us(*d when sli,eets are to 
be given a decorative anodic or ])rotective oxide coating. 

Commercial sh(‘(*ts and strips are available in five different tempers, 
known as Soft, Quarter-hard, Half-hard, Thre(‘-(|uart(*rs Hard and 
Hard. Of these tin* first, third and fifth eorresjxmd to British Standard 
Specifications 2L 17, 2L.lf) and 2L 4 respectively. Harticiilars of these 
wlieets and strip are giv(‘n in Table 13 Regarding the various tempers, 
these can be obtained In various amounts of cold rolling under suitable 
pr(‘ssures. 

(\unmercial aluminium is su])plied in the form of strip, sheet, 
circk*s, tub(‘S, matting (for footboards and stej)s), e\])anded wire sheets, 
pipe fittings, wood scr(‘Ws, rivets, rod, wire, v.irious bar se(‘tions, 
foil, j)owd(*r, etc. ft is also supplied in plain and notched bar ingots 
for easting j)ur]30s(‘s. 

Aluminium Properties and Applications 

( Wimercial aluminium as distinct from the alloys of this metal has 
a wide vari(*ty of uses Some of its more iinjiortant projierties and 
applications are given in the following bri(*f note^ 

( \)rwsi on -H( na . A luminium is unaffee ted b\ ordinary at n\Q- 
sjilierie intiu(*net*s but is eorroded in sea-water. Jt is soluble in solutions 
of "eaTTf^tir 111 kalis and fn ' hydroeliKifie mud Ordinary washing soda 
(sodium carbonate) attacks ahiniiniiim ; nitrie^siilplmrie, an d hy dro- 
tiuorie acids also slowly dissolve it. 

WtrefiTherins ip iy (*3r eess oTsiTH-on jiresent in the metal it does not 
withstand atinos])herie eiirr^S^e" liet ions'. “ ' — “ • 

^Anneal} n(j. Aluminium slmet which has be(*n hardened by cold 
wolfing, sum'll as hammering or rolling, can he annealed by heating It 
to about 350 C. (002 F.) and afterwards cooling in air or w^ater. The 
])eriod of heating ne(*d only be for a few minutes. As a rough guide 
lb the correct temperature of heating for annealing, the surface may be 
rubbed, during the heating process, with a dry matehstiek from time 
to time, the heating being stopped when the wood begins to char. 


TABLE 13 



Upper values correspond to 10 S.W.G. sheets and lower ones to 
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The annealing of aluminium wire for electrical purp oaes requites 
more care, since thS'amiis to obtain a high electrical conductivity fey 
obtaining the ^orrect struclu|^e. For liigK conductivity a long ekposure 
at a lower te mpera ture, namely, 250° to 300° C., appears to give tfee 
best results. In passing, it may be remarked that aluminium aUoys 
require a higher annealing temperature, from about 360° to 400° C. 

^eltina.^ Since aluminium oxidizes readily at the higher temper- 
atures it is advisable to use a controllable temperature and n reducing 
atmosphere. Care must be exercised to prevent overheating of the 
metal so that thermostatic temperature control is desirable. Aluminium 
can be melted in ordinary plumbago crucibles, but the modem plum- 
bago variety is a specialized product which has been vitrified by heat- 
treatment to obviate moisture action; further, the surfaces are 
rendered impervious to penetration by furnace gases by suitable glaze 
treatment. Iron pots can also be used if they are suitably protected 
to avoid pick-up of the metal. This protection can be effected by 
coating the inside with a wash consisting of 2 lb. of whiting, 1 J oz. of 
sodium silicate and 1 gallon of water , an improvement is given to this 
protective coating if the surface of the iron is first brushed over with 
a mixture of one part of graphite to two parts of water. 

Iron pots have much better heat conduction properties than 
plfimbago ones, and are therefore more economical in heating fuel 
consumption. 

Deoxidizing Properties, Aluminium is used as a deoxidizer for 
irons and steels and for maintaining large melts of metal in the fluid 
condition ; this effect is due to the reaction caused by the aluminium 
on the iron or steel. Thus, if aluminium is added to the molten metal 
it combines with the oxygen and other gases absorbed by the metal 
from the furnace products and the resultant compound rises to the 
top of the metal in the form of slag, when it can readily be skimmed 
off. In this way the formation of blow-holes and similar gaseous 
inclusions can be avoided. Usually, about 10 oz. of aluminium will 
deoxidize one ton of steel or iron, satisfactorily. 

E l^troch e mir^^ Alun ^iu m is electropositive to most 

other metals, e.g. iron, chromium, zinc, copper, nickel, tin, lead, etc. 
Care is necessary, therefore, to prevent it from coming into metallic 
contact with other metals, under conditions where moisture is present, 
in order to avoid electrolytic action, i.e corrosion. 

Electrical Condvctivity, If the electrica l conductivity of silve r — 
whicirisnbHeT)eslTon^ctii ^ mental— Is taken as lUO, tfeen the corre- 
spuiidtng “uuiiductivities oF silver, copper and aluminium are as 
1 00: 96 ; 58 »6. Although coj^r is still widely u sed as an electri cal 

a-(r 530^) II 
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conductor, chiefly on account of its better conductivity and ease of 
j dinting, aluminiuTU possesses the in ad vantaige^b^^ fow ~ifeight 
aS Lt*onipared with the fo rmer metal. As the density of copper islaibbut 
thr ee tim es that of alu minium , a copper cable will weigh ab out twice 
that (>{ 30 alum ii^m one of equal conductance. For this xeaaon 4aTge 
ca^Blc s^ such as thoseHsecl fc)f fraffamission lines, e.g. the British Grid 
System, are" now niiule with aluminium jtranded wire conductors. 
In order to obtain the reqmred" tensile strength properTies iTis^hmilly 
necessary to reinforce the aluminium wires by employing a stranded 



Fig. 13 . Section of Aluminium Steel (’orp]d Calle. .showing Oiter 
( yOVi:RiNo OF Aluminu m ('able enclosing the Steei. 

{lSi(yrthern Aluminium Vo) 


steel cable core, u])on which the former are wound. The coin])Jete 
cable thus made h^ only SO per cent of the weight of the equivalent 
copper one and it is actually much stronger than Gie latter, namely, 
about 50 per cent. Aluminium used for. electrical piir])ojieb ib usually 
protect e'd' against corrosion by giving it a tliiii oxide coating ^either 
c hemically or electrolytica l ly — as by the jinod ic tr eatment method. 

Heat Condvctivitt/. The relative heat condiudivities of copper, 
aJumiiiium and iron (or steel) are as 100, 5() () and 18, respectively. For 
equal cross-sections of uniform conductor, or equal weights, aluminium 
will conduct a greater amount of heat than the other metals or, for a 
given heat transmission, aluminiiim is the lightest metal to employ. 
The thermal proper^ties of aluminium alloys are vpry similar to those of 
the pure metal and for this reason heat conducting components of 
petrol engij^^e.g^.yl iiiders , cylinde r heads and pisto ns^ are now 
nia (^ of thesfu dloys. thus enabling weight tp be saved and at the j^ame 
time allowing g reater power output, per u nit cylind er volume, on 
account 
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Aluminium Wire 

Aluminium, owing to its great ductility, can be drawn out into 
fine wires, or beaten llOT thin leaves. The tensile strength of wire of 
0*128 in. diameter is 11 to 12 tons per sq. in., with an elongation in 
48 in. of 0*30 to 1 02 per cent and a reduction of area of from 75*0 to 
83 per cent. 

The tensile strength of commercial wire varies from 6*25 to 14*8 
tons per sq. in , a(‘cording to the diameter and amount of drawing. 



Fro 14 Siress-Straik Cmvc for Altiminiijm Wire 

The hard-dravni aluminium wires used for electric cable construction 
have a tensile strength of from 10 to 12 tons per sq in. 

Table 14 indicates how the tensile strength varies with the size 
of the wire. 

Fig. 14 shows how aluminium wire behaves during a tensile test; 
it will be seen that there is no definite elastic limit, but the material 
continues to stretch for a maximum load of from 50 to 60 per cent 
of the ultimate value 

Modulus of Elasticity. The modulus of elasticity in the cast form 
is about 9,000,000 lb. per sq in., but for the sheet and wire forms it 
varies from 8,800,000 to 10,700,000 lb. per sq. in. 
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Compression ami Shear, The strength of aluminium in compression 
for cast cylinders having a length equal to twice the diameter is about 
5*4 tons per sq. in., with an elastic limit of about 1-6 tons per sq. in. 
The maximum shearing stress value for castings is about 5-4 tons per 
sq. in., and in the drawn condition about 7*15 tons per sq. in. 

TABLE 14 

Strengths of Aluminium Wires 


S.W.G. 

Diani. 

(inches) 

Tensile Strength 
(Tons per s<j. in.) | 

S.W.G. ' 

1 _i 

Diatn. 

(inches) 

Tensile Strength 
(Tons per sq. in.) 

7/0 

0-500 

10-2 

10 

0-128 

11-2 

4/0 

0-400 

10-3 

12 

0-104 

11-6 

0 

0-324 

10-3 

14 

0-080 

12-0 

2 

0-276 

10-3 

16 

0-064 

12-5 

4 

0-232 

10-7 

18 

0-048 

12-9 

6 

0-192 

10-7 

20 

0*036 

14-3 

8 

0-160 

11-2 





Strength at Elevated Temperatures 

In common with other metals employed for siru(*tiires and articles 
under stress, aluminium shows a falling off in tensile strength with 
temperature increase above atmospheric. 

TABLE 15 

Effect of Temperature upon the Strength of 
Aluminium. (Le ('hatelier) 

III T I 

Temp. ‘’C. I 15° 100° i 1.50° 200° 250° 300’ 400° , 450° 4(50’ 

I _ I I I „ L ' 

T e n s i I e 
Strength 
in tons per 

sq. in. . 11-7 9-5 81 6-3 4 8 3-6 2-4 1-5 10 

The elongation increases progressively with temperature increase, 
as shown by the results given in Table Hi. 

Aluminium Powders 

The term ‘‘granulated’’ aluminium is given to finely divided 
aluminium produced by blowing molten metal or by grinding in mills. 
This product consists mainly of particles of more or less spherical 
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TABLE 10 

Elastic Properties of Aluminium at High Temperatures 

(Martin)* 


Col(l-\^orke(l Metal FuUv annealed Metal 


Teniperatiire, ‘’C 

HI 

100 

200 

300 

1 400 

500 

16 

100 

200 

1 

300 

400 

500 

Elongation 

Percentage 

28 a 

28 s 
! 

32 8 

as ^ 

1 79 3 

87 0 

51 2 

62 3 

83 9 

90 4 

1 

127 9 

121-4 


shape, grease-free and unpolished. It is particularly suitable for use 
in alumino-therraics and the ealorizing process. -f 

Aluminium powder is made by a stamping, sieving and grading 
process whereby the metal is finally obtained as minute flat particles 
which are prevented from welding during the stamping operations 
by the addition of grease. This powder has important applications in 
metallic paint, either in its natural colour or dyed with aniline dye 
to give gold, bronze and other coloured effects. Aluminium paint is 
made by mixing the powder with a suitable liquid medium, such as 
oil or spirit varnish, tung oil, cellulose or synthetic resin, lacquers or 
varnishes ; the two latter media represent the more recent methods of 
making aluminium paint. 

When this paint is applied to any moderately smooth surface the 
various minute laminae of aluminium rise to the surface of the medium 
and overlap in a somewhat similar manner to the scales of a fish, so 
as to form a series of tliin metallic layers having the properties of a 
sheet of metallic foil, thus completely protecting the surface below 
from access of moisture, air or light rays ; the latter contain violet 
and ultra-violet rays which have a deteriorating action on most 
ordinary paints. 

Aluminium ])aints have wide commercial applications both as 
protective and decorative coatings for metals, woods and many other 
materials. Such coatings are also excellent light reflectors, reflecting 
up to 70 per cent of the light that falls on the surface. For this reason, 
interiors treated with aluminium paints reflect about the maximum 
of the incident light, retain their brightness for longer periods than 
ordinary oil pigment paints, and are cleaner. This paint is used for 
lamp-posts, sand bins, refuge })osts and similar objects which require 
to remain as conspicuous as possible in dull light. 

* “Tlio T(‘uhi]o Uropcrtios of Aluiuiniuiii at High Temperatures,” T. Martin. 
Jouin Inst, of Mttals, April, 1924. 

t Potudeied and Granuktted AUimimum (Brit. Aluniin. Co. publication). 



32 


ENGINEERING MATERIALS 


Aluminium paint is also a good heat reflector and therefore tends 
to keep the surface coated cooler ; this helps to prevent the cracking 
and corrosive action of sun and rain. It is therefore used for such 
item s as oil storage tanks, rejfrigerator cars, walls of cold storage 
chambers ejfpTfWvc filling and s^rage buildings, aerop lane s urfac es, 
etc. The paint is an excellent primer or base coating Tot ' wood and 
Inetal surfaces which require protection against corrosion or additional 
coats of other pigmented paints. 

In regard to the selection of the medium for aluminium i)aint, 
apart from cellulose and synthetic resin lacquers^ or varnishes — which 
give water, oil and petrol proof surfaces — ^tung oil is recommended as 
preferable to linseed oil as a base , it gives a waterproof result, better 
lustre and tougher film. About 2h lb. of aluminium powder is required 
for each gallon of medium. 

Extremely fine aluminium powder or ])owdcr-pa8te is used for the 
spraying grades of aluminium paints suitable for producing silver-like 
surfaces and for coating scTeens used for cinema projection purposes. 
Wlien aluminium powder is mixed with bitumen it produces an excel- 
lent metal protection paint for outdoor purposes. 

Alumino4hermics, There are several commercial applications 
involving the use of aluminium, whereby the latter is ignited with a 
metallic oxide in powdered form producing considerable heat, suflicient 
to melt or even to superheat the molten metal. This method is (unj)loyed 
for the reduction of oxide ores of such difficult metals to produce as 
chromium, titanium, manganese, etc., the metals art» thus obtained 
with a 98 jier cent purity 

The Thermit Process, From the engineering viewpoint the most 
im portant application of powdered aluminium is that of welding, for 
when alumimum is ignited with ferric oxide, the heat gewrated pro- 
duces moltenjom The^nsual propor'l’lCiliT emjiloyed in the Thermit 
process ^ bas ed upo n t ^ principle , three, j^tw of red oxide of iron 
t o one pa rt of powdered aluminium ; the w^eighf oF thc* m olteiT iroir is 
about the same as that of the original aluminium. It is somew'^hat 
difficult to ignite the powders, but this is achieved by the use of a small 
firing charge (*onsisting of a mixture of aluminium powder and barium 
oxide, ignited by means of a fuse. The Thermit process is used in 
instances where the work has to be done in situ and electric or oxy-gas 
welding cannot conveniently be employed ; examjiles of its application 
include the we|f]in g of tramwa y and railway lines, broken castings, 
and forgings. 

< In the process of Thermit welding the cleaned ends to be united 
are butted together and surrounded by a mould made from equal parts 
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of fireclay, fire brick and fire sand. The Thermit is placed in an inverted 
conical crucible mounted over the butted pari,s and ignited by the 
barium-oxide powder on top. When the reaction is completed the 
molten iron is allowed to flow from the crucible, by removing a plug 
at the bottom. In order to nictdify the intense heat — for the reaction 
temperature may reach 2500" (1. — ^it is usual to mix a certain propor- 
tion of steel turnings with the Thermit. It is an advantage to pre-heat 
the work l>efore allowing tin* molten iron to flow. When the welding 
operation is complete and the metal has cooled down, the f irplus is 
removed by grinding or chipping. 



CHAPTER III 

ALUMINIUM ALLOYS 


Aluminium forms an important series of alloys with other metals, 
including the light aluminium alloys, now so widely used in aircraft, 
automobile and general engineering, the aluminium bronzes, nitriding 
steels, a heat-resisting 15 per cent aluminium-iron alloy, etc. It is 
proposed to devote the present considerations to the lighter alloys, 
the principal constituent of which is aluminium. 

Although aluminium has important industrial applications it is 
seldom used by itself for aircraft and automobile purposes, except (in 
the former case) as a corrosion -resisting coating for stronger light alloys. 
The relatively low tensile, shear and compressive strengths, low impact 
resistance and hardness of aluminium preclude its employment for 
engineering purposes in applications requiring high strength-to-weight 
ratios and satisfactory wearing properties. 

When aluminium is suitably alloyed with one or more other metals, 
of which the most important are copper, 

sili con and nickel , it forms a series of relatively strong alloys having 
rSuclT^eater hardness and impact values than the pure metal. 

Although other aluminium alloys were in commercial use at the 
time, the discovery of duralumin, by Wilm, in 1911, represented the 
beginning of a ne\^ era in h^rd, strong. _aluin iniiim alloys. It contained 
copper with the addition o f small quantities of magnesiumit nd ma n- 
ganese and^w^th special h(^t-treatment possessed H/he j nech amcal 
properties of low carbo iTsteel^ t was also the tirst alloy"^ the “age- 
hardening” class and its introduction led to the initiation of a con- 
siderable amount of research work by various authorities, the results 
of which are evident in the wide range of modern light aluminium 
alloys. Mention should also be made of the method discovered by 
Paez in 1920 for “modifying” cast aluminium alloys by emplo3rmg an 
alloy having about 13 per cent of silicon. This modification involves 
the addition of a small quantity of a constituent, such as sodium, which 
causes a change in the structure from coarse to fine, so that the eutectic 
composition is displaced. 

It may be mentioned that aluminium ean be given increased strength 
and hardness in three different ways, namely, as follows: (1) JThe 
adjed^ gteiront ca n e nter i nto solid solution; (2) it may cause a phase 
w hich suita bly dispersed throughouf fEe metal forms a rigid sk^^n ; 
or (3) it i nay allow the precipit^on of the extremely fine particles 
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during the heat-treatment procedure, i.e. cause “age-hardening.** Of 
these methods the first is of little utility in the case of modem alloy 
requirements ; the second mode of hardening is found in the casting 
alloys and the third chiefly in the wrought ones. 

The various light alloys of aluminium may conveniently be classi- 
fied* as follows — 

Alumimum-Coppor (Cu up to 9 per oeni) 

Aluminium-Copper-Maguesium (Cu 4; Mg up to 2 per cent). 

Aluminium-Copper-Magnesium-Siluon (Cu 4; Mg 2; Si 1 5 per cent). 

Aluminium-Coppor-Nickel (Cu 4; Ni 2 per cent witli additions of Mg and Si) 

Aluminium-Magnesium (Mg 5 to 10 jier cent with additions of Mn and Sb). 

Aluminium -Manganese (Mn up to 2 per cent). 

Alumimum-Silicon (Si 8 to 13 per cent with additions of Mg, Mn or Co ). 

Aluminium-copper Alloys 

The effect of th e addition of small percen tages of copper to 
alum inium is to cause an increase in the tensile ^rength and harone ss, 
but at the san^tinu^tp reduc e the ductility. Usually, the proportion 
of copper TIoes not exceed about 9 per cent 

The equilibrium diagram of alumimluu- copper alloys with copper 
up to 20 per cent is shown in Fig. 15. It will be observed that at 
500° C aluminium holds about 4*5 per cent of copper in solid solution, 
whilst at ordinary temperature this is reduced to about 3 per cent. 
In regard to the micTostruofure of the alloys in question, those con- 
taining more than 2 per cent of copper exhibit in the cast condition 
a network of CuAla- As to the mechanical properties of this group of 
binary alloys some valucs*| are given in Table 17. 


TABLE 17 

Aluminium-copper Alloys 

Ten SILK Tests t 


Cojipei 
per cent 

Maximum Stress 
Ttins per sq, in. 

Elongation 
per < ent 
on 2 in . 

Hardness 

(Bnnell) 

Specific 

Gravity 

0 

5 2 

37 



2-70 

2 

8-2 

17 


275 

4 

9-6 

10 

— 

2-81 

6 

9 9 

5 


2*85 

8 

10 6 

3 

60 

2-90 

12 


— 

82 

— 


* “Matcnals of Aucruft (''oust rut turn,” H. J. (Jough, Journ. Roy, Aeron, 
Soc , 2t)th Maj , 1 938. 

I Eighth Report y Alloys Research Committee of l.M.E , Carpenter and 
Edwards 

J Tests made upon 1 in. diameter chill cast bars. 
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It will be observed from these results that the tensile strength and 
specific gravity increase with the copper content, whilst the elongation 
diminishes. 

The alloys most used in practice are those with 6 to 8 per cent 
copper and with 11 to 13 per cent copper. Typical examples of such 



5 10 16 

C opiH I pu (1 nt 

Fi(. IT). EgoiiaHRiiiM Diagram for Ah mimum-c ojm'I k \tL(>^s 

alloys are the casting alloys conforming to DT.I). Specifications 428 
and 3L.8, resjiectively. 

The 6 to 8 per cent copper alloy is also represented by the British 
Engineering Standards Specification No. 3L.11 and the 11 to 13 per 
cent eoiiper alloy by the Specification No. 2L.8 ; these, however, have 
different specifications for the im])urities and otluT elements from those 
of the Il.T.D. Specifications, for which the following are the stijiulated 
percentage compositions — 


I 



Cu I 

Mg 1 

8i 

1 

Fe 

1 Zn 

A1 

D.T.D. 428 

t) 0 — 8*0 

0 1 

2 0-3 0 

1-0 

20 4 0 

Koinainder 

D.T.D. 3L.8 

11 0-1 30 

— 

0-7 

0-8 

01 

[Tj 0-2; A1 
remainder] 



ALUMINIUM ALLOYS 


37 


The former alloy has a tensUe strength for standard and chill cast 
bars of 8 and 10 tons per sq. in. respectively, and the latter alloy, 
^*7 and 9 tons per sq. in. respectively; these represent the minimum 
allowable strength values. 

Some physical and mechanical properties of aluminium- copper 
alloys at elevated and ordinary temperatures are given in Table 18. 

TABLE 18 

Properties of 8 and 12 per Cent Copper-aluminium 
Alloyo 


Property 

1 S per cent 

1 2 per cent 


1 (’opper 

Copper 

Tenailo atroiigth of chill cast alloy at 2.50 C. (tons 
per sq.m.) . . .... 

70 

6-9 

Tonsile strength at 3.50'^ (\ . 

3-3 

4-7 

Brinell hardness number (sand cast), 15° C. . 

55 

67 

Brmell hardness number (sand cast), 300*^ C. 

11 

14 

Bnnell hardness nunibei (chill cast ), J 5*^ 

60 

82 

Brinell hardness number (chill cast), 300" C. 

12 

13 

, / Max. stress \ 

Mass Strength ( - -- — ) in cast condition 

\ Spec. gra\ ity/ 

3-6 

3.1 

Mass strengtli at 350 (chill (‘ast) 

1-2 

1-5 

Modulus of elasticity (dull ca^t), tons pei sq. in. . 

4200 

4200 

Thermal conductivity (<*liill cast), in 0.0.8. units 

0-35 

0-34 

Oocliicient of thermal expansion (cast) 

0-0000231 

0-0000184 

Shrinkage (inches per foot) .... 

14/100 

15/100 


Aluminium-copper alloys are employed in industry for light cast- 
ings requiring greater strength and hanln(\ss than ordinary aluminium 
ones. They have been used for automobile j)istons, erankc‘ases, 
cylinder heads, etc., but more re(*ently the stronger alloys, such as 
Hiduminium and Y-alioys, have largely taken their place for those 
j)urposes. 

Aluminium-zinc Alloys 

Although previously (uuployed, these alloys are not used to-day 
since they tend to distort and crack when cast, being subject to hot- 
shortness. An apj)reciable iniprovement is etfected, however, by the 
addition of a small proportion of copper. A typical casting alloy of 
this class lias the following percentage composition — 

Al. 84 0; Zn, 13-5 : Cu. 2-5 . 

It ha s a tensile trength (sand cast) of 9 to 11 tons per sq. in., and 
chill cas^ 11 to 14 tons per sq. in. The corresponding elongations 
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are 4 to 2 and 8 to 3 per cent, resj)ectively. Such castings are, however, 
still liable to hot-shortness and to cracking within a few months of 
casting; they are also heavier than other stronger casting alloys. 

Aluminium-silicon Alloys 

These alloys are widely used for engineering and other commercial 
purposes and usually comprise two groups, namely, those with 8 to 10 
per cent and 12 to 14 per cent of silicon. 



2 4 6 8 10 12 14 16 18 

Silicon per cent 

Fjci. 10 Egi iLiHun M Dtaijk^m j-ok Ah minium-silicon 
Alloys 

Silicon alloys are notable for their low shrinka ge value, casting 
fluidity, clean sh arp ca s tings, and go od inecliaiiica l propoF ties. " More- 
over, th^ are among ^the lightest of the binary alloys of aluminium. 
They possess good^djmtiJii ^ and are more resistant to corrosio n than 
many other aluminium alloys. 

'~’The~equiTihrium diagram* for aluminium-silicon, for silicon values 
up to 18 per cent, is shown in Eig. 16. This diagram shows that 
silicon is only soluble ip solid aluminium up to about 1 *5 per (‘cnt at 
about 580® C. The eutectic alloy contains about 10*5 per cent silicon. 

Fig. 17t shows the normal structure of a chill-cast alloy eontlining 
about 12 per cent of silicon. If the melt is treated ^vith a very small 

* Hanson and Gaylor, Journ, Inst. Metals, 1921 ; 26, 32, 
t W. Hoaenhain and S. L. Archbutt. 
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Fig. 17. An MiNnrM-sn.KON Alloy. Unmodified, x 150 



Fio. 18, Aluminium-silicon Alloy. Modified, x 150 
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quantity of sodium or with a flux containing sodium. fluoride a modified 
structure with a very much finer grain is obtained, as shown in Fig. 18 ; 
the magnification, it will be observed, is the same in each case. 

In regard to the mechanical proj)erties and specific gravities of 
aluminium-silicon alloys, some test values are given in Table 19. 

TABLE 19 


Properties of Typical Aluminium- snA(\)N At.loys ((^ast) 


Silu’on 
por cont 

1 T(‘nsile Strength 

1 Tons per sq. in. 

Kliingatjon 
per eent 

Spt'citie Gravity 

8 

100 

10-0 

2-67 

10 ' 

1 20 

9-0 

2-66 

13 

14-75 

7-5 

2-65 


Among the commercial aluminium alloys containing silicon as the 
chief additional constituent may be mentioned Alpax, or Silumin, 
Lautal (this also contains copper), and Wilmil. 

The following t ypical ])roperties of aluminium-silicon casting alloys 
(as cast) are gi\en by the British Aluminium (Vnnpany. 

TABLE 20 


Mechanical Properties of Aluminium-silicon 
Coasting Alloys 


1 

Property | 

1 Tvpt' 

10-13 per (‘('lit 
Silicon Alloy 

nsile Htrengtli 

Saiul <*ast 

11 12 tonw ]H'r sq. in. 


Chill east 

11 15 

Elastic limit (eommereial) 

Sand east 

5 ti 

Chill t'ast 

0 7 

PfT ec'iil elongation in 2 in. 

Sand east 

5 I4pi'r»ent 

(Tiill east 

8-20 „ 

Brinell lianiruvss (2 nim. hall, 20 kg. 
load) 

Chill east 

55 05 

Izod inipat t test .... 

Sand east 

3 7 ft. -lb. 

Chill cast 

4-10 „ 


By suitable heat-trentment the mechanical properties can be im- 
j)roved (‘onsidcrably in many instances. Thus, in the case of Alpax 
“Beta” (Si, 10*0-L‘V0 pcT cent ; Mg, 0*6 per cent : Mn, 0*6 j)er cent) 
as cast, the alloy has about the same strength properties as the alloys 
given in Table 20. When, however, it is heat-treated by heating for 
2 to 4 hours at 530" C. and quenehed, afterwards being heated for 
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16 hours at 160® 0. and quenched, the minimum tensile strengths in 
the sand and chill east states are 15*5 and 19*0 tons per sq. in., respec- 
tively. The 0*1 per cent proof stress values are 13 and 16 tons per 
sq. in. respectively. 

Thpflft a lloys are more resistant to corr osion tha.n most o ther 
al uminium ^ uys, and Jha^ been UW l on flhips and i n similar location g 
wh ere corroding condition s are sever ed 

The ductility of these alloys m the cast state is high for hght alloys, 
so that the castings are, to some <‘xtent, malleable and can be bent 
without cracking. 

The alloys in question haye a very low solidification contraction 
and are not “hot-short,” so that casting is simplified. Their good 
casting qualities make them particularly suitable for castings which 
have thin sections of large area, sudden changes in section, or con- 
taining steel insets of lan^^e diameter. 

The ordinary aluminium -silicon alloys used for commercial pur- 
poses are poured at about 700® T , in no cases should the metal be 
allowed to exceed 750^ C. during the melting process prior to pouring. 
In connection with dic-casting work, these alloys are affected by their 
rate of freezing, or solidifying, in the mould, for this reason they are 
particularly suited for cliill and die-casting purposes. The dies shoiiJci 
be kept lieated at about 200" (\ 

Tliese alloys can be forged and rolled, suitable wwking temper- 
atures being about 450° to 460® V For annealing the recommended 
temperature is 450° to 500° C. Actually, however, forged and rolled 
alurninium-sihcon alloys are not used to any extent commercially, on 
account of tluur relatively low meehanieal strength and elastic limit; 
the former is of the order of 10 to 12 tons per sq in. with from 7 to 11 
per (‘ent elongation. 

Silicon alloif sheet is siqiplied by the British Aluminium Company 
under the name No. 401) alloy. It is supplied in three grades or 
tempfTs, viz., hard, medium, and soft. The following are the average 
mechanical projicrtios of these grades — 


TABLE 21 

Propeuties of Aluminium-silicon Alloy Sheets 


J'oiiipoi 

1 Toii'sile Strength 

Pereentago KU)iigatiou 

Tons pel sq. 11 ) 

111 2 in. 

Hard .... 

12-14 

6-9 

Medium 

JO-12 

10-16 

Soft 

9-10 

i 

1 20-30 
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Of these three the medium temper is most commonly used when 
a moderate amount of shaping is to be done. Medium sheets ai'e 
capable of being bent through 180® round a radius equal to the thickness 
of the sheet. 

The specific gravity of the alloy is 2-67. The medium temper sheet 
can be softened by annealing (by heating to about 350® C.) and it is 
hardened by cold working. It cannot be hardened by any process of 
heat-treatment or ageing. 

Alumimum-magnesium Alloys 

Although magnesium entt'rs into the composition of many of the 
more complex aluminium alloys considered in this section, there is an 
interesting scries of binary alloys which possesses eertain advantages for 
aircraft and similar purposes. 

As magnesium is appreciably lighter than alurniniuni, the alloys 
formed with the latter metal are lighter than aluminium and the 
other alloys under consideration. 

Thus, the specific gravities of aluminium-magnesium alloys with 
2, 4, 6, 8, 10, 12, and 14 per e(»nt magnesium contemt are resp(‘ctively 
2-681, 2-661, 2-641, 2-621, 2-601, 2-582 and 2-562 ; for aluminium 
itself the corresponding specific gravity is takcui as 2-702. 

The binary alloys in question are much more resiMayit to corrosion 
than aluminium or the light alloys mentioned in this s(‘etion; in this 
connection the present useful range includes alloys with magnesium 
up to about 15 per cent. 

TABLE 22 

Effect of Magnesium on the Mechanical Properties of 
Aluminium (Wrought and Annealed) 


IMagnesiuni 

Proof Stress 

Ma\iniuin Stress 

Klongation 

per cent 

Tons per sq. in. 

Tons p(‘r scj. ni. 

p<M- oont 

0 

20 

6 20 

40-0 

1 

60 I 

9 50 

29-0 

2 

6-45 “ 

11-50 i 

25-0 

.3 

6*92 

13-60 

24-0 

4 

7-65 

15-00 ’ 

24-0 

5 

8-.‘?0 1 

17-15 

22-0 

6 

9-60 

20-00 

22-0 

7 

lO^.'i 

22 50 

21-0 

8 

12-20 

24-50 

21-0 

9 

13-10 

25-80 

20-0 


In regard to the effect of magnesium upon the strength properties 
of aluminium, from the values given in Table 22, due to L. Aitchison, 
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it is apparent that the proof stress and tensile strength increase 
practically in proportion to ihe magnesium content, whilst the elonga- 
tion diminishes in inverse proportion. The values in question refer to 
the wrought alloys in the annealed condition. 

Tn connection with the corrosion resistance this appears to be a 
linear function of the magnesium content, so long as the magnesium 
can be kept in solid solution ; ihe best alloys from this viewpoint are 
those having 5 and 7 per cent of magnesium, known as MG.5 and MG.7 
respectively. 

An im2)ortant alloy having excellent mechanical properties without 
the necessity of heat -treatment is one containing 7 per cent of mag- 
nesium and 0*25 per cent of manganese. It has the following minimum 
mechanical properti(\s — 


TABLE 23 

Properties of ALi^MiNirM-MAONEsiuM Alloy 

j 0 1 poi cont j 

("oiidition 'IVnsile Strengtii ' Pi oof Stress Elongation 

’’I'oiis j)or s(| in Tons per sip in. per cent 


Annealed 20 10 I 20 

Cold-rolled 25 15 1 15 

I 

This alloy \Aork-hardens ayipreciably. It has a good resistance to 
corrosion in marine waters and atmospheres. It can be obtained 
cominor(*ially in sheet, rolled sections, rivets, etc. 

Anothr impotfaiH alloy is the binary one with 5 per cent of mag- 
nesium. It IS jiarticularly suitable for rivets and wire, the latter 
can be made with a tensile strength of 16 tons per sq. in. and rivets 
can be formed from if more conveniently than from the heat-treatable 
alloys, such as duralumin. 

A commercial alloy of the aluminium- magnesium class, which is 
actually used for the plates or skins of metal boats, is Birmabright. It 
has a high degree of corrosion resistance ; a proof stress of 20-5 tons 
per sq. in. tensile strength of 23*9 tons per sq. in., and elongation of 
3 per cent. The MG.7 alloy has a proof stress of 17*50 tons per sq. in. ; 
tensile strength of 24*9 tons per sq. in., and elongation of 14*0 per cent. 

The MG.9 alloy has a proof stress of 12*5 tons per sq. in. ; tensile 
strength of 25*4 tons per sq. in., and elongation of 21*0 per cent. 

In each of the above alloys the results refer to the cold-worked metal. 
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Aluminium-manganese Alloys 

The addition of smaJI proportions of manganese to aluminium 
impro\es the resistance 1o corrosion and renders the metal readily 
weldable A t\pical alloy is the one known as BA/6()A, which contains 
IJ per cent of manganese It is supplied in sheet and strip form in 
five tempers, namely, Soft, Quart ei -hard, Half-haid, Three-quarter 
Hard, and H<ird These allo\s are non heat treatable ones 

The tensile strengths of these tempers are as follows ()0-7 5, 
7 5-9 5,90 110 11 0-13 0 and 13 0 (min ) tons pei sq in 

The 0 1 per cent proof stresses (a\erage) are 2 7, 7 (>, 8 9, 10 4 
and 10 75 respectnel\ 

The corresponding elongations aic 22-45 4 to 7 3 to 10 2 to S , 

2 to 6 pci ( ( nt 

In this connection it should be mentioned that tor an\ of the 
grades the elongation depends also upon the ac tualthic kness ot theshc^et 

The Bnnell baldnesses range from 27 for the soft tc mpei to 54 
for the haid one 

The specific graMt^ of this allo\ is 2 73 

Other Corrosion-resistant Alloys 

An aluimmum alIo\ ha\ing 2 5 jm i c< nt oj magnesium and 0 25 per 
cent of manganese yiossesse^s a high re^sistanee' to eonosion and in 
addition, can be woiked with comparative cmsc in the «innealed 
condition It has the^n a tensile strength of 12 5 tons jiei sq m and 
elongation of 20 per cent This alIo> is su])])li('d in sheet form and 
also for seift tubes for pc4rol and oil convevance purposes on airciaft 
Another interesting alleiv* is one containing chromium and inagnesium 
a typical comiiosition being I 5 to 3 0 per cent of the lattcT to 0 1 to 
0 35 per cent of the forme'i It has about the same strength piopcrties 
as the allo> jireviouslv mentioned and has also a high resistance to 
corrosion 

The “(lad duralumin <incl impioved duralumin alloy sheets with 
pure aluminium coatings ma> also be referred tom connection with the 
other as corrosion resistant high strength shec't allots 

Classification of Alumimum Alloys 

Modem aluminium alloys now embrace a i el.it iv el v large number 
of compositions and are known by v.irious BS I DTI) Specific a 
tions and propric'tar}^ name»s Such allo>s ma> be identified in general 
by their chemical compositions and m this connection the classification 
system given on page 35 will be found helpful 

* Ante^ page) H, not© 
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For commercial application purposes, however, it is more convenient 
to consider the light aluminium alloys as belonging to three definite 
groups, namely, as follows: (1) Ilpat4reatahh alloys containing copper 
and magnesium. (2) Heat-treatable alloys withovt copper. (3) Alloys 
that are not heat-treatable y under the main classes of wrought and c/ist alloys. 

The first group of wrought alloys includes duralumin. Super-dural- 
umin, Hiduminium ll.R. and V-alloys to which more detailed reference 
is given later. Mention should here be made of a more recent alloy 
in this group,* now in commercial production, which gives excellent 
mechanical properties for its specific guivity of 2*8. The following is 
the percentage comj)osition : Ou, ]-5-3*5, Fe, 0-6; Mg, 2 4; Zn, 4-6; 
Ni, > 1*0 ; iSi, > 0-6, and Ti, ^ 0-3. 

After solution heat -treatment at 460 V , followed by age-hardening 
treatment, at 13t) ' this alloy has a tensile strength of 33 to 38 tons 
per sq. in. vith ()1 cent ])roof stress of 2s to 33 tons per sq. in.; 
elongation of 10 to IS per cent, and Wohler fatigue range of 12*5 
tons })er sq. in. 

The second group includes alloys having a nominal percentage 
composition as follows . Si, 10 , Mg, 0 0 , Mn, 0*75 (may be omitted) ; 
Al, remainder. 

In order to develop the fidl mechanical properties the alloy is heated 
to 520“ (\ and quem‘hed in water. After being allow^ed to age-harden 
at normal air temjH’ratures th(‘ metal has a minimum tensile strength 
of 17 tons per sq. in. with 20 per cent elongation ; it has a 0-1 per cent 
proof stress of 10 tons ])er sq. in It is also possible to subject the alloy 
to ])recipitation heal -treat iiient . Thus, after quen(‘hing from 520"^ C. 
it is treated at 105'' (\ and has a tensile strength bchveen 20 and 23 
tons p('r stp in <uk 1 corresponding elongation of 10/ to 15 per cent; 
the 0-1 |)cr ('cnt ])roof stress is 15 to 19 tons per sq.,m. 

A])plications of this medium strength alloy in(*lude pressed sheet 
metal ])arts for aircraft, (*.g. cowlings and fairings. 

The third group includes alloys containing magnesium up to about 
10 p('r cent with small percentages of manganese, tin or chromium. 

These alloys have pn'viously been referred to under the headings 
of Alum mill m-m«ngn('sium and Aluminium-manganese Alloys. 

The Wrought Aluminium Alloys 

A conv(Mii(Mit method of classifying the wrought alloys is that 
based u])on the heat-treatraentt and it has the advantage of requiring 
only three groups to cover a very wide range of commercial alloys. 

Ante, page 11, note. 

t “Wrought Alloys of Aluminium m Aircraft," G. Mortimer, Aircraft 
Engineer ing. September, 1929. 
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These groups care as follows — 

(1) Alloys having magnesiinn silieido (MggSi) as the hardening 
medimn. 

(2) Alloys having copper eutectic compound ((^j Alg) as the hardening 
medium. 

(3) Alloys having magnesium silicide and copper eutectic com- 
bined as the hardening medimn. 

It is here necessary to explain that for the stronger light aluminium 
alloys the principle of heat -treatment is the same. For all such alloys 
there is some constituent which is not only soluble in solid aluminium 
but of which the primary aluminium crystals will absorb more at high 
temperature than at ordinary tem]>eratures. This (‘onstituent is 
normally present in excess in the alloy, and the first stage of heat- 
treatment consists in holding the alloy at a suitable temperature until 
this excess is absorbed into solid solution. The operation of quenching 
fixes the excess in solution, the alloy then being in an unstable state. 
The excess in solution tends to ])reci})itat(‘, and, imdcT suitable con- 
ditions, is thrown down in a fin<‘ly dis|K‘rsed state — a ]>roca'ss associntt‘d 
wdth the previously mentioned phenonumon known as age-hardening. 

(1) Magnesium Silicide Group 

This essential (*onstituent of the first grou]) of alloys is usually 
present, due to the inclusion of a small percentage of sili(*on in (*om- 
mercial aluminium ; the added magnesium results in the formation of 

TABLE 24 

Commercial Ali'minitm Alloys 
Croup 1. Hardening Mcaliurn Mg.^vSi (Mortimer) 


I’rado 

Xanu' 


Appiox hXsfiitial (^>tnp^^M- 
tiun, with lion Xoinuil. and 
Alurmniuin lioniamdc'i 


(’onniH'rfiHi ILin^f* of 
Moohanical I’ropi'rt irs 


1 

Mg 

Mn 

1 Si 


Aldrey . , | 

00 

0 0 

1 0 


AlmalcH* ' 

0 (> 

0 0 

10 i 


Silmalec 1 

00 

Odi 

1 1-0 I 

1 ^ 

61S 1 

0 0 

i 0 0 

1 1 

j 1 

Anticorodal | 

0() 

1 0 G 

1 10 

1 

Aludur . . 1 

0 t) 


' 0*S8 


Almasilium 

10 


20 


Moniegal 

1 

0*95 

1 

0-8 

0-2 


Affor boat -tivalTTiont all of 
thoHO alloys offor rniirh 
llic' same projxTt les. 

A tensile strength of 20 22 
tons, olongation of H 18 
yM'r cf'iit and a Hrinell 
imrdiH'ss of SO 100: ae- 
tual figures vary with 
treatment, wuth aeetion 
and with pereentage re- 
duction in working. 
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MggSi, a compound of which at room temperature only about 0*3 per 
cent is Holuble in aluminium. At about C., however, as much as 
1*6 per cent can be absorbed. The effect, then, of heating the alloy 
to 580° C. and then quenching is to cause the MggSi to be absorbed in 
excess. Subsequent hardening, or “ageing,” causes a precipitation of 
the excess in a finely dividend state. 

The normal heat-treatment of this group of aluminium alloys is 
to quench from 510°-520° in cold water, following this by annealing 
for 12 to 24 hours at about 160° C\ In order to obtain the soft annealed 
condition the metal is heated or “soakeil” for a time at 350° C. and 
allowed to cool slowly. 


(2) Copper Eutectic Compound Group 

When copper is added to commercial aluminium about 1 to 2 per 
cent is normally retained in solid solution. Ky soaking at 540° C. for 
some hours, however, as much as 5*5 j)er cent of (‘opper may be brought 
into solution and fixed by quenching, and the effect of this can be seen 
(*learly through ihe microscope, in the ])artial or entire disappearance 
of the characteristic network of eutectic compound. Since the maxi- 
mum absorption possible is in the neighbourhood of 5*5 per cent of 
copj)er, the known alloys of this series contain about 4 j^er cent of 
copper, to ensure a minimum of eutectic at the crystal boundaries 
after heat -treatment. 

TABLE 25 

CoMMEHC’iAi Aluminium Alloys 
(xroup 2. Hardening Medium C'uAlg (Mortimer) 


'Fratio 

Naino 


\])j)i()\ E-.soiitial Composi 
i tioii, with iron Normal, and 
I Alnminium Hemaindoi 


Uommemal Range of 
Mc( ham cal Properties 



Vu 

Mil 

Si 


Lautal . 

\ 40 


2 0 

Properly worked and heat- 

Acroii 

40 

- 

2 0 

treatoil, these alloys will 

258 

4 0 

0 8 

0 8 

give m practne a tensile 

L M. 

1 75 

1 

0 75 

75 

strength of 24 25 tons per 
sq. m. with 18-20 per cent 
elongation, and a Brinell 
hardness of 90-100. 


These alloys do not harden spontaneously, and they are usually 
sujiplied, commercially, in the quenched but unhardened state. To 
bring about preciydtation and the l>est physical properties the metal 
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is either soaked for about 16 hours at 120®~130° C. or for about 48 
hours at 140^-150'' 0. In the first case the treatment will give a tensile 
strength of about 22 tons per sq. in., with 25 per cent elongation: in 
the second it will give about 24 to 25 tons per sq. in. with 18 to 20 per 
cent elongation. 

To anneal the alloy it is allowed to soak for some time at 350°-400° 
C., and then cooled slowly. 

To re-harden it is quenched from 490^-510® C. The forging temper- 
ature is 440^-480° C., and several intermediate heatings are advisable 
in heavy reductions. 

(3) Combined Hardening Media Group 

In this group the hardening intluence of both MggSi and CuAlg are 
involved. Amongst these alloys we have duralumin and Super- 
duralumin, two of the strongest aluminium alloys known. The 
addition of nickel confers valuable frictional qualities and the proi)erty 
of maintaining strength and stiffness at high temperature ; there is 
as yet no alloy quite so good as “Y ’'-alloy for pistons, and it is also 
used for such parts as the (‘onneeting rods and cylinder heads of air- 
cooled engines. Silicon, which has obviously been added to many of 
the alloys in all three groups in excess of that normally exf>ected as an 
impurity, improves both the foundry and working properties. Man- 
ganese tends slightly to refine the grain. (Cadmium, it is claimed by 
some authorities, iiuTeases the resistance to sea-water corrosion. 


TABLE 20 

Commercial Aia minium Alloys 
Group 3 Hardening Medium MgjjSi + ('uAL (Mortimer) 


Trade Name 


Approx. (Jompohition. with 
Iron Nonnal, and 
Alumnnum Komamder 


C'oinrnort'ial Kaiigo 
of Mfrhanical 
Properties 



Cu 

Mg 

Mu 

8i 


Ni 


Duralumin 

4 0 

0 5 

U-5 




Between 25 and 35 

Aldal . 

4-0 

0 5 

0*5 

0-0 



tons per sq. in. witli 

178 . 

4-0 

0-5 

0 0 

oa 

i 

1 

I 

1 5-20 per cent elon - 

Almag 

2 r> 

0 7 


0-0 



gation. 

Alfenum 

:ir, 1 

0 0 

(»*.5 

0-3 




“Y”.alIoy . 

40 1 

1-5 


0-4 


2-0 


Aoral . 

3-5 

1-8 

— 

0-0 

3-25 

— 


Avional 

4-7o 

0-5 

10 

1-4 




Super-dural umm . 

4-0 

0-5 

OTi 

0-75 

j 


1 
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standard and Commercial Wrought Alloys 

The compositions, heat -treatments and minimum tensile strengths, 
proof stress (0*1 per cent), and elongations of a number of the most 
widely used wrought alloys of aluminium, together with indications 
of their applications, are conveniently given in Table 27,* pages 50-55. 

The Directorate^ of Technical Development (D.T.D.) Air Ministry 
Specifications and also the corres|K>nding proprietary makes or names 
of these alloys are given in (‘oliimns 3 and 1, respectively. 

Some further notes on (‘ertain of these alloys are giv m later in 
this chapter. 

Aluminium Alloys for Castings 

The various DT.D standard and equivalent commercial casting 
alloys of aluminium are conveniently classified for reference purposes 
in Table 28, i ])ag(‘s 50 and 57, which also indicates the principal 
applications of such alloys. 


Dur^jiuniiL. 

T his widely us(sl alloy containing copper, magnesium and sili con 
is the .stroinrest aluminium alloy that can be produced by age-hardening 


at room te mperat ure The percentage chemical composition is approx- 



Fl(?. lit Fil I I Cl OF V<.K-HAilI)L.VlNO ON PKOPKHTThS OF DlHALUMIV 


imately as tollows: Cu. 4’0, Mn, 0-5, Mg, Q’5, 8i, 0-25 to 0-60; A 1 
(the rem*iinder). 

The standard heat -treatment consists in quenching it from 480" to 
500' (\ in water and allowing it to age at room temperature. 

The manner in which the tensile strength increases with the period 
of time from quenching is illustrated in Fig. lOf. The maximum stress 

♦ C\)urU‘sy, Bntjbh Aluminium Co. 

f Court Oby, Nc^rthern Aluiniiiiuin (\i. 

X “Strong Light Alloys of To-day,” L. Aitchison, Proc, Inst. Autom. Engrs, 
March, 1933. 


TABLE 27 

Wrought Alujhnium Alloys 
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Bars, Extnided Sertion«i and Forging** 
(Softened) . . . . 



175A I Sheets (Half-hard) .... 16 | 12 Over 0-104 in. 
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In each of the above alloys the remainder consists of aluminium and normal impurities. 
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In each of the above alloys the remainder consists of aluminium and normal impurities. 
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curve shows that the tensile strength directly after quenching is about 
16*5 tons per sq. in., and that the tensik' strength increases pro- 
gressively until after 6 to 7 days of ‘‘ageing’’ it attains a value of about 
27 tons per sq. in. Actually, the tensile strength continues to increase 
beyond this value with further periods of time, for the curve of 
maximum stress is asymptotic to a line parallel to the time axis. Over 
a period of two years it has been shown that the strength of the alloy 
rises by about 1 ton per sq. in. as compared with its strength at the end 
of 7 days from quenching. With this increase in tensile strength there 
is a corresponding reduction in the ductility, thus at quenching the 
elongation is about 27 per cent, falling in 6 to 7 days to about 17*5 
per cent, and thereafter continuing to fall at a much lower rate. 

The principal advantages claimed for duralumin are summarized 
by Aitchison as follows — « 

(1) The temperature employed for the solution heat -treatment of 
the alloy is the lowest that is ajiplicable to anv commer(‘ial light alloy. 

(2) The alloy is soft enough for a workable period aft(T it has been 
quenched, i.e. the rate of age-hardening is n(»t sufHciently great to 
prevent a certain amount of mechanical work hiding carruHl out before 
it becomes too hard. 

(3) It hardens spontaneously when ex])osed to room temperatures. 
This has definite })ractical advantages as a second heat -treatment is 
avoided. 

In regard to the efffct of rehafimj the (Kje-hemUned metal to various 
tempcTatures, ie subjecting it to precipitalion heat -treatment, the 
results of tests made upon duralumin are giviui m Table 29 

TABLE 29 

Effect on Mechanical Properties of Reheating 



Dcralumin 


Ternporature 

TeiisiJo Strf'nfTth 
(Tons per sq in ) 1 

Klongation 
p('r eofit 

20 

- ^ 

28 65 

18 7 

100 

27 69 

18 6 

125 

27 33 

19 9 

160 

27 08 

20 3 

176 

27 04 

17*7 


The general mechanical properties of duralumin in the forged and 
age-hardened condition, derived from teats* made on a standard 

♦ “Comiueroial AUuniruum AUovb,” J. H. Hoblyn, Proc. Inat Autom. Sngra,^ 
1929-30. 
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B.S.I. tost bar, are given herewith — 

Ultimate strewB . . . . 

Yield point . . . . . 

Klastk* liniit with permanent Het . 

Uroof BtroHH witli jx^rmanent hoI 

Klongation . . . . . 

Hod net ion of area 

Av"(^rage Izod value 

Hrinell number 

Modulus of olawtieity 

Mcululus of (‘lasticit\ 


. 28-64 tons per »q. in. 

18-00 tons per sq. in. 
j 10-00115 in. on 2 in. 

I 16-20 tons per sq. in. 

\ 0-003 in. on 2 in 
f 17-00 Ions per sq. in. 

IS -.5 per cent. 

36-4 per cent. 

. 24 ft. -lb. 

1 14 

10 • lO** lb. per sq. in. 

in extension. 

1 0 63 1 0® lb. per sq. in. 

in c-ompression. 


Thp BrineU hurdne^s varies with the (|uen(‘hing temperature and 
time period after quenching, as shown by the results given in Fig. 20. 



100 IbO 200 2S0 OOO 400 450 500 550 

Deg (.eniigrode 


Pin. 20 Kl Fhf 1 OF \\ \Tf.K Ql UNCHINO Dl KVLIMIN IN THK “As 
Hi t i.i\ r.o” UoMunoN 


U will be seen that the metal is in its softest condition as quenched 
from imm(*diately after quenching. Further, on quenching 

age-hard(‘ning duralumin from temperatures below 250® C. the 
hardness is redu(‘ed and there is no age-hardening effect. 

Duralumin is su])plied in all forms in which steel is available, i.e. 
sheets, bars, tubes, girders, drop stampings and forgings of various 
kinds ; it (‘annot be (‘ast satisfactorily. The metal is generally supplied 
in the age-hardened (‘ondition and for sheet metal bending and spinning 

3- (1.5 30 0 n 
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purposes it is annealed by quenching at 360° to 380° C. immediately 
beforehand; the annealing operation should be done as quickly as 
possible and with the minimum of “soaking” at the tein]K'rature 
mentioned. 

Duralumin sheets, rivets, wire, etc., that are io be cold-worked may 
be annealed and then stored in n refrigerator, wheJi age-hard( ning is 
postponed until the alloy is again exposed to normal air temperatures. 

Forging or hot stamping is etfeeted on metal supplied in the 
untreated condition at temperatures between 420° and 440 V.\ a 
relatively stow period of heating to this temperature is desirable. 

Physical Properties of Duralumin 

The following particulars relate to the alloy (suppli(‘d 1)\ I\l(‘ssrs. 
Vickers, Ltd.) — 

Specific grav I ty 
Coctliciciit of line‘ar cxpjiiiKjoii 
Specific lioaf 
'riiernml i‘on(iiic1 IV ity . 

Melting point 
Electrical I'onductival \ 

Age-hardeiK'd , 

Annealed .... 

Young's modulus of (elasticity 
Jlrinell liardiK'ss 

AniK'aled .... 

Age-liard(‘ned . 

Fatigue range 
Impact value* 

Applications of Duralumin 

On account of its high strength -to-w'eight propiTtii's this allo> is 
employed in automobile and aircraft engineering constructions. It 
has been used for front axles, levers, bonnets, connecting rods, and 
oven for chassis frames of automobiles, its aircraft ajiplications 
have includ(‘(l gird(*rs for airships, atToplane^ airscrews, spars, clqis, 
fittings, levers, etc. It is also employed in surgical and orthopai'dic 
work, and for non-magnetic and other instrument ])arts. 

Corrosion of Duralumin 

Under certain conditions duralumin is liable to c*orrode. If kept 
quite dry it appears to be immune. It is affect (‘d only slightly by fresh 
water and is less prone to attack by acidulated solutions than ordinary 
steels. On the other hand, alkaline solutions liave a mon* s('rious (dfect 
on duralumin than steel. Usually the products of corrosion ociair 
in spots and in time “pits” are caused on the surface. Tnless the 
surface corrosion is removed by abrasive action some of the “pits” 


2-H 

22 O' lU pn ('. 

0 214(\van‘r 1 U) 

31 (sil\('r 1 00) 

050 ('. 

33 35 ])('!’ (‘(‘lit ()1 (‘opp»'r 
30 1 1 p(M will ol COppt i 
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} 0 5 1 oils pel .s(j. in. 

15 ft. -lb. 



alitmimum alloys 


61 


may deepen or enlarge, in the f<3rmer method the strength of the 
metal may be affected. 

Duralumin in common uith some other aluminium alloys is also 
liable to intercryMaUinv corrosion. In this case the corrosion com- 
mences a.t the surface and penetrates the metal along the boundaries 
of the crystals. Unfortunately, from the point of vieN\ of inspection 
it does not })roduce any appreciable change of appearance of the 
metal. It has been found that this form of corrosion often (‘ommences 
at isolated points, a typical example* l)cing that shown in Fig. 21. 
In this case the section was taken from a duralumin sheet which show'ed 
indications of (‘orrosion, and it was found that int(‘rcrystalline corrovsion 
had started during storage of the oiiginal sheet, and during subsequent 
exposur(‘ of the anodic ally-treated shekel to marine' conditions inter- 
crystalline corrosicai had continued. 

The intercrystalliiK' tyj)c of corrosion is invariably accom])anied 
by a marked decrease in tlie mechanical properties of the metal; in 
the early stage's the c'longation values show a marked reduction, and 
as corrosion jirocec'ds the tt'Usik' strength is reduced substantially. 

It has also been pointed out b\ Sutton that the tendency to inter- 
crystalline corrosion <ipp(‘ars to Ix' affected b\ the nature of the heat- 
treatment and subs(‘(pi('nt working of duralumin . thus, if it is softened 
In heating to ,‘160 to JISO it is more susceptibk' to intercTystalline 
attack. Other contributorv intliK'iiccs include' tlu' tenqx'rature of the 
quenching UH'diiim, nature ot the* suifacc* and deformation. 

Duralumin, in (*omnion with other aluminium alloys, can be effec- 
tiv^ely protected against surface' corrosion by the methods considered 
later in this cha])ter. 

Super-duralumin 

It has Ix'cn found possible', by a suitable uKxlitic'ation of the 
composition of duralumin, to obtain alloys which will respond satis- 
factorily to pr('ci])itation heat-treatuH'nt , i.e. (‘an be ‘"aged” artificially. 
Such alloys iiK'liide M.T.K., H.H.T.A., Sujx'r-duralumin, etc. The 
percentage c(jmposition of the latter alloy is as follows: (^u, 4*25; 
Mn, 0-()0; Si, 0-75, Mg, 0*50; A1 (the remainder). 

If this alloy is quenched in water from 500 (\ — which is a some- 
w^hat higher tempi'rature than for duralumin — it has a tensile strength, 
immediately after (juenching, of l()-5 tons jx'r sq. in. The alloy then 
age-hardens jirogn'ssivt'ly until at the end of 72 hours after quenching 

* “Light Alloys from th(' Point of Vi(*\v of (’orrosion," H. Sutton, Journ. 
Boy. Aeron. Socieiy (OctolxM’, 192S). 
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tlie tensile strength incTeases to 20*5 tons per s(|. in. This latter value, 
however, is no better than for duralumin. 

If, now, the alloy is subjected to preci})itation beat -treatment by 
exposure for a (‘crtain j)eriod to tem])eratures of 100'’ to 200° C., theti 
it may be “aged” artificially so as to give a]:)preeiably better strength 
])roperties as illustratt'd by the results given in Table 30 and the 
graphs repro(lue(‘d in Fig. 23.* 

vSuper-duralumin can be produced in the form of rods, sheets, 
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TABLE 30 

Effect of Pkeci pitatiotn Heat-tkentmkjst on the 
MeCUXNKWL JhiorEKTlES of SrPEK-DrRVLCJMIN 

\ leld Point j ^laxiiuiini Stross Kloiigatioii 

Tons ])or sq. ni | Ton-, ju i -.q. in. j f)oi tout 

I 

100 20 20 27 5 

120 21-50 2S7 

140 2‘.i 00 20 5 

155 24 aO-35 

1(>5 23:{0 28-7.'> 

175 23-00 2S0 

A nil , ])age 5S, note. 


15-0 

12-0 

n-0 

10-0 

0-0 

S-0 


Prcfipilatioii 
Hcat-tmit(*(l 
12 hours at (’, 





TABLE 31 

C0MP0SiTi0>b, Ph\sical Propebties Applications of R R and Y- Alloys 
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strip, tubes, etc. ; it is also available in slightly modified composition 
for fabrication by hot forging and stamping. The forging and hot 
stamping temperatures lie bet^\een 480® and 500^0. 

Other Duralumin-derived Alloys 

Just as Super-duralumin is an improved alloy derived essentially 
from duralumin by a modification of eoin])osition, so a number of other 
alloys having special advantages have been discovered as a result of 
intensive research A\ork. In general such alloys require precipitation 
heat -treatment as distinct from ordinary age-hardening in order to 
develop their full strength properties. 

Two important groups of light aluminium alloys coming ^\ithin this 
category of duralumin modified by the addition of other elements are 
the “R.K ” and “Y" alloys. The proportions of magnesium and 
silicon in this general class of alloys are changed so that a definite 
eifcct is produced upon the instability of the solid solution obtained 
by solution heat-treatment. 

The compositions, ])h}^sical and mechanical ])roperties, together 
with the typical applications and heat -treatments of these alloys, are 
given in Tables 31 and 32. 

The R.R. Alloys 

These high-strength alloys, the properties, ajiphcations and heat- 
treatments of which are given in Tables 31 and 32, are ^vldely used 
for aircraft, automobile and other ]mrjK)scs where high strength-to- 
weight is required and, in the case of the R.R 59 alloy, for high strength 
and hardness valu(\s at elevated temperatures. 

This group of light alloys A\as originated in the research laboratories 
of Messrs. Rolls Royce, Ltd., by Hall and Bradbury, and subsequently 
develo|)ed by High Duty Alloys, Ltd. Th(*y include the R.R. 50 
alloy for normal sand and die-castings ; R.R. 53 alloy for sand and die- 
castings for high-strt*ngth properties and use at elevated tenqier- 
atures; R.R. 530 alloy, a development of the R.R. 53 one, having 
similar high-strength properties, but with better ductility and resist- 
ance to impact and fatigue ; R.R. 56 alloy, a general purpose wrought 
alloy for forgings, stamyiings, pressings, sheets, extruded sections, 
strip, tube, etc. ; and R.R. 59 alloy for general purposes where high 
strength is required and with the additional benefits of high strength 
at elevated temjieratures. 

All of these alloys are of the heat- treatable class and develop their 
full strength properties when suitably heat-treated by jirecipitation 
or solution treatments. 
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The R.R. 56 alloy heat-treatment process consists of two opera- 
tions, the first being known as the “solution” or ‘ quenching” treat- 
ment, in which the material is healed to 525-535° C. for two to six 
hours and quenched in warm water at 70° C., cold water or oil. This 
ot)eration leaves the material in a medium strength condition and 
u ith relatively good dixctility , for examjde, the maximum stress will 
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be about 22-2(3 tons per sq. in., and the elongation cent approxim- 
ately 15 20 The second operation consists of the “precipitation’* or 
“ageing treatment,'’ le heating to 1()5-]80’C for 20-25 hours (or, 
alternativel\, 200 M’. for (wo hours), followed by cooling in air or 
w at er. 

The fact that it is the second operation which produces the final 
high-strength condition has several important advantages. Since the 
material after the first quenching is not in a particularly hard condition, 
it can easily be cold-formed and can then be hardened by the relatively 
simple second operation which, because of the low temperature em- 
ployed, avoids any risk of distortion. Moreover, K R. 56 alloy does 
not “age-harden” to any extent at ordinary room temperature 
after the quenching treatment, so that forming operations need 
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not be earned out immediately after the quenching. Hence manufac- 
turers who do not wdsh to install the necessary quenching furnace 
equipment can obtain their material in the quenched form, carry 
out the necessary manipulation and then ‘‘age-harden ” it. The 
elevated “ageing” temperature is also an advantage, because it is of 
tlie same order as that used for enamelling and, therefore, this operation 
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can be undertaken without any danger of modifying the properties 
of the alloy. 

In order to redu(*e the alloy to its softe.-»t condition it should be 
annealed at 330-35<J' (\ for from one to four hours. 

The forging or hot fabrication of R.H. 56 alloy is carried out at 
350" to lOO*^ (\ K.R. 56 alloy ])osses.ses a similar degree of corrosion 
resistance to other aluminium alloys, but it can be improved by means 
of an anodic surface treatment which j)rovfd(*s a hard adherent surfa(‘e 
film of excellent corrosion resistance; this [)rotective film can be dyed 
with various finishes and colours. In regard to the tensile strength 
of R.R.56 alloy at elevated temperatures, the values given in Table 
7, on page 16, show^ that at 20" C. a heat-treated specimen gave a 
value of 27 tons per sq in., falling to 10 tons jxir sq. in. at 350"" (^. 
In this res})ect, whilst superior to most other alloys, it is appreciably 
less than for Y-alloy (13 tons per sq. in.), whilst its hardness is 
practically the same. 

In connection with the commercial applications of the R.R. 56 
alloy, in addition to those given, briefly, in Table 31, this alloy is 
now used extensively for aircraft frames and wing spars, ultra-light 
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bicycle frames and whe(‘l rims, motor vehicle bodies, experimental 
railway coaches, bogies and frames, seat frameworks for various 
})assenger vehi(*Ies, crane booms, fire escape towers or booms, etc. ; 
in its extruded bar sections this alloy also has a large variety of in- 
dustrial uses. 

The R.R. 59 alloy belongs to the wrought light metal class and 
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was evolved for ])arts .>ubj(H*t<‘d in service to high stress at elevated 
temperatures It jKX^sesses mechanical ])ro])erties at normal working 
temperatures approaeliing those of R.R. 56 and has similar hot 
forking properties. These (jualities, combined with excellent mechan- 
ical projierties at elevated temperatures, high thermal conductivity 
and low friction coefficient, make the alloy an ideal material for use 
in the manufacture of all tyjK's of internal combustion engine pistons. 
It is regularly ein])loved for all classes of })istons, ranging from the 
smallest motor cych' to the largest compression ignition engine, and is 
the standardized material for this purpose in a large proportion of 
the aircraft engines manufactured in this country. 

In regard to the ])roperties of this alloy at elevated temperatures 
the results of sonu* tests made by the manufacturers are given in 
Table 33 for test bars forged from in. diameter bar, heat-treated. 
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TABLE 33 

Properties of R.U. 59 Alloy at Elevated Temperati res 


IVriiperatnre ' 

1 

i VltJCiato Stress 

Bnnf'll Hardm'ss 

Bnnf'll Hardness 

Tons |>t*r sq. in 

at Toinpcratur.^ i 

after (\K)liiig 

"C. 




20 

2S-0 

134 

-- 

200 

21*5 

no 

134 

2r)0 

lOo 

87 ' 

125 

300 

13 0 

52 

00 

350 

8*0 

27 

7.) 

400 


1 
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High-strength Wrought Structural Alloy 

A wrought alloy of the Pidinniniuiu grou]), known as R.K. 77, of 
somewhat different composition from other strong light alloys, 
possesses strength-for-ueigld ])rof)erties ex(*et‘ding those of high- 
tensile steel alloys. The alloy represents the result of ])rolonged 
research and, besides its high-strength ])roi)erties, it possesses excellent 
ductility, fatigue resistance and electrical and thermal ( onductivity. 
Available in various wrought forms it lias been used chiefly as extru- 
sions which enable full advantage to be taken of its high-strength 
properties. 

For the hot working and, to a l(\sser extent, the heat -treatment 
of this alloy, rather different conditions hold as compared with the 
better-kiiovTi Eiduminiuin alloys. 

Parts fabricat(*d from this alloy by special opc'rations evolved for 
their production possess greater uniformity of properties in different 
sections and in different directions of flow than it has been possible 
to obtain in other wrought light alloys. 

The percentage conqiosition is as follows, (’u. 1*5 to 3*0; Zn, 
4-0 to 6*0; Mg, 2-0 to 4*0; Fe, 0-0 (max.); Si, 00 (max); Ni, 1-0 
(max.); Ti, 0*3 (max.) ; A1 (remainder). 

The heat-treat merit is as follow s-- 

Solution treatment: 2 to 3 hours at 455"* to 465'’ C., followed by 
quenching in water. 

Precipitation treatment: 15 to 20 hours at 130'^ to 140' C., followed 
by cooling in air. 

Test bars forged to IJin. diameter and machined to s])eciinen 
sizes gave a tensile strength of 33 to 3S tons jier sq. in. with 16 to 10 
per cent elongation on 2 in. The 0*1 per i*ent proof stress value was 
28 to 33 tons per sq. in. The endurance limit at 20 X 10® cycles was 
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± 12*5 to 130 tons per sq. in. The Brinell hardness value A^as 160 
to ISO. These resulls refer to the alloy in the solution -treated and 
artificially a^^ed (*ondition. When annealed the tensile strength was 
12 to 14 tons per sq. in., with 20 to 14 p(T ('enl ('longation. 

Y-AUoy 

This important high-strcmgth aluminium alloy vas dev(*lo])ed at 
the National Physical Laboratory, Tc‘ddington, from the binary co])f)er- 
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aluminium alloy by small additions of imkel, magn(‘sium silicon ami 
iron. A typical percentage <*onqK)sition is as follows, (^i, 4*0, Ni, 
2*0, Mg, 1*5, Si, 0-6 (max.), Fe, O-G (max.), A1 (remainder). 

This alloy is heat-treated by quenching in hot watcT from 510 
to 525° (\, and either aged at room temperature or by precipitation 
treatment at 100° to 200'^ (' 

The ])articular corn jiosit ion alloy riuuitioned has a minimum tensile 
strength of 24 tons jier sq. in. with a minimum elongation of 15 per 
cent. The 0-1 per cent jiroof stress value is 14 tons per s(j. in. 
(minimum). 

Y-alloy is generally employed as forgings or parts mainlined from 
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bars, but it can be sand and chill cast. In the heat-treated state 
spe(*iniens from sand east bars have a 0*1 per cent proof stress value 
of 13 to 14 tons per sq. in., tensile strength of 14 to 15 tons per sq. in. 
with about 1 per cent elongation on 2 in., and Brinell hardness of 95 
to 103. The chill cast alloy gives corresponding values of 14 to 15*5, 



Ki(. Stio N(/nf PitoPHtriLs of ('\sr \ni) Hoi r i o \ xiio^ at 
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IS to 20, 2 to 4 and 95 to 105 rcvspectively. Fig. 29 shows the tensile 
vstrength and elongation properties of rolled and (‘a.st Y-alloy at elevated 
temperatures; the lower chain-dotted graphs refer to the elongations 
corresponding to the t(*nsile strength full line curves above. 

It should be mentioned that the actual strength properties vary 
somewhat with the coin})osition and size of casting, but in general 
do not depart very appreciably from the values given ])reviously. 

In regard to the strength of Y-alloy at elevated temperatures it is 
about the best of known aluminium alloys and for this reason is much 
used in aircraft engines for cylinder heads and pistons. In the case 
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of the Bristol air-cooled radial engines the cylinder heads are machined 
from solid forgings (Fig 30) , 

Y-alloy is annealed, in the wrought state, by heating it to SSO"* 
to 400° C. and allowing it to cool in the air. 

Hot working of this alloy should be carried out at 480° to 500° (\ 


'1 
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Y-dlloy is next to the 12 per cent sili(‘on-aliimmium alloy m regard 
to hot -shortness and it possesses good casting (pialities Tn ihis con- 
nection the following test \<ilues are of inter(‘st — 


TABLE 34 


Hot-shortnkss oi^ Alimimim Alloys near their 
Meltincc Points 


1 

Alloy 1 


12 per cent silicon 
Y -alloy 

8 per cent copper alloy 
2L .1 


Teinp(‘iatui(‘ Fall in 
C Im fore Fni rj^y to 
F'racture is 10 9 ft -lb 


3 

II 

24 

45 


Knt'ig^ in ft -lb. to 
Fractiin* at 5 C. Ix'low 
M(‘ltin^ Point 


10 9 
4 7 
0*7 
0 5 


Heat-treatment and Age-hardening 

The heat -treatment temperature range of Y-alloy is 500^“520° C. ; 
this is higher than for duralumin. 

It has been found that the muffle furnace is the best medium for 



ALUMINIUM ALLOYS 


75 


heat-treating Y-alloy. The ])eriod of treatment at 500^-520^1 
required to bring about solution of age-hardening const iiuents depends 
on the fineness of grain and distribution of constituents. For chill- 
(‘ast bars, 1 in. diameter, about (5 liours is reipiired. For coarser grain 
material a longer period becomes necessary, whilst for large sand- 
oastings 24 hours or niore may Iw' required In all cases the period of 
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treatment at 500 520 (* (solution treatnumt) must be regulated in 
ndation to the mi(*ro-structure. Treat imuit at the tem])erdture 500°- 
520^(1 is followed by cjuen(‘hing in boiling water. After quenching, 
iuji -harih m nq at room tcin})ciature is substantially com])lctc in 5 days. 

Age-hardening can be acceleratiMl by retaining the alloy immersed 
in the water at boiling temperature aftei quenching Under these 
conditions age-h<irdening is substantially complete in from | hour for 
the WTought to 2 hours for the cast alloy. 

By subjecting norma II v heat-treated material, cast or WTought, 
to temperatures between 150' 250' U. the tensile strength and hardness 
are substantially increased, but the dmdihty is diminished. Above 
250° C. permanent softening results. 

Structure of Y-AUoy 

The microstructure differs somewhat from that of duralumin. 
The copper-ahuninium compound C^iAIg does not exist in Y-alloy, 
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but instead there is a more complex compound of copper, with nickel 
and aluminium, together with the nickel-aluminium compound NiAl 3 . 

The structure* of Y-alloy in the chill cast state, illustrated in 
Figs. 31, 32, and 33, shows an almost complete network of the 
various constituents in a ground mass of substantially pure aluminium. 
Heat -treatment properly carried out brings about changes in these 
constituents together with partial solution in the aluminium, and as 
a result the continuity of the network is broken and free constituents 
become rounded in outline and “balled-up.” Fig 33 shows the 
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structure of the luMt-treatcd cast allo> under higher power. Three 
constituents are to be seen — t}u‘ white aluminium matrix, the half-tone 
copper-nickel-aluininiuin compound, and the dark compound NiAlg. 

Bronze Inserts in Y-AUoy Cylinder Heads 

Owing to the fact that the expansion coefficient of Y-alloy, in 
common with other high-strength aluminium alloys, is nearly 3 times 
that of steel it is not satisfactory to employ ordinary alloy steels for 
valve seating and sparking plug ring inserts in cylinder heads of such 
alloys These inserts are therefore made in nickel-aluminium-bronze 
which has a similar expansion coefficient combined with satisfactory 
hardness and resistance to scaling effects. 

A later alternative material for these inserts is an austenitic steel 
of the nickel -manganese- chrome steel class, having about the same 

* “Aluminium Alloy ‘Y”,’ ” Archbutt, T/te Nickel Bulletin^ No. 7. Vol. 3 
(July, 1930). 
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expansion coefficient as Y-aJIoy. These cold insert rings are inserted 
into the heated cylinder bead so as to produce a shrinkage or inter- 
ference fit. 


Petrol Engine Castings 

Aluminium alloys, on account of their high strength -to-\\ eight 
projx'rties, excellent thermal conductivity, and the ease with ^hich 



A siniplo 

allo\ piston foi low 
output oiiginos 



Inclined internal 
struts are a B.H R. 
characteristic 




A slit-skirt dcsijijn w ith One of tin' CuMno 
icintorc(‘d ijudp on pin ran^e, v\itli (uta\\a\ 
hosM s skirt anil ribbinfi: 




The Aerohti* piston 
with stiffening flutes 
and webs 


The ln\ar-Stiut ion 
t lolled cit araiK e piston 
a nc'at design 


Fig 3o. Examples of Alumimi m Alloy I’istons 
{Courtesy Bntvth Aluminium ( o Ud ) 


most of the modem ones can be sand and die-cast, are widely used for 
parts such as cylinder blocks and heads, pistons, and crankcases. 

As it is necessary to provide sufficient strength at the usual wwking 
temperature, only those alloys having suitable strength projierties at 
these temperatures are satisfactory. Such alloys include the copper- 
aluminium ones, of which 3L.11 with 7 per cent copper and a tensile 
strength of about 9 tons per sq. in. is an example ; K.R. casting alloys 
previously described and a number of proprietary alloys, such as 
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Alpax, Ceralumin, Wilmil, B.A. and N.A. casting alloys, and those 
to B.SJ. and D.T.J). s|KH*ifi<‘ation8. 

VoT pistons the usual alloys are Y-alloys, R.R.53 and R.R.59. 
T>pieal exani])les of aluiniuiimi alloy pistons are given in Fig. 35. 
Fig. 36 is a part -sectional view of the cylinder head of the Wright 



Ficj. H() Wuir.Hi ‘(^<LOM. ’ An MiNii M Allov (Ai.tNDiji Head 

“Cyclone'’ »iircraft eiurine This has a sand-cast aluminium alloy head 
uith nickcl-aliiniinium-bronze valve inlet and stainless steel exhaust 
seating rings shrunk into place. The cylinder barrel is of a Nitralloy 
steel. 

A good e\anij)le of an intricate large aluminium alloy casting is 
that of the Nafiier “Culverin” ti\elve-eylinder (double-six) aircraft 
engine shown in Fig. 37. 

Two typi(*al examples* of automobile engine crankcases are those 
shown in Figs. 3S and 39, whilst a cleanly-cast crankcase sump is 
illustrated in Fig. 40. 


* Courtesy British Aluminium Co., Ltd. 
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Corrosion of Aluminium Alloys 

All of the light aluminium alloys are subject to corrosion under 
atmospheric and salt water conditions, but some are much more 
resistant to these corrosive influences than others They are, however, 



Fig 37 Aluminium Alloy Cylinj>lh Block and Ckankcase Unit 
poK Napier Twelve (Ylinder “Culvfrin” Aircuiait Engine 
{JJigh Duty Alloy k, JAd ) 

no worse than ordinary steels in this resjiect. Pure aluminium is more 
resistant in air than its alloys, the surface of the metal becoming 
coated with a thin layer of practically colourless oxide which acts as 
a protective medium against further atmospheric corrosion It is on 
this account that light alloy sheets are frequently treated so as to give 
a thin layer of pure aluminium (as in Alclad) or of aluminium oxide 
(as in the anodizing process). 
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The tendency of duralumin and certain other alloys to intercrystal- 
line corrosion has already been referred to. It may here be added that 
alloys which have been precij)itated are more susceptible to this form 
of corrosion. In regard to the general effect of sea-water or spray upon 
aluminium and its alloys the ('hlorides appear to be the chief cause of 
corrosion. The areas affe(‘ted are usually localized and deep pits occur. 

At these places the chlorine ions coming into contact with the 
aluminium form the chloride salt of this metal. This salt, in contact 
with water, hydrolyses, forming aluminium hydroxide and hydro- 
chloric acid. The latter reacts with further quantities of aluminium 
so that a cycle of reactions is maintained; in this manner a small 
amount of chloride can affect detrimentally a relatively large area of 
aluminium. 

Another important factor is that of dlff(re?itial aeration \ the effect 
of restricted access of oxygen to a particular area of metal is to con- 
centrate corrosion in that area. 

Where an aluminium alloy is in metallic coydact wdth another metal, 
such as steel or brass, an clectrolytical action occurs m the presence of 
moisture and corrosion effe(*ts follow . In this connection aluminium 
is electropositive to other common metals, with the exception of 
magnesium . 

In some cases corrosion, commencing at the junction of the two 
metals, has been found to spread internally in aluminium sheet, 
causing long blisters to radiate from the contact area. One method of 
obviating or greatly reducing sack corrosion is io zinc coat all cojipcr, 
brass, bronze, and steel articles in contac t with aluminium or its 
alloys, since zinc and aluminium are very close together in the electro- 
chemical series, shown in Table 35. 


TABLE 35 

Klkc’trochemical Series of Metals 


1. Caesium 

2. Kubidiiuii 

3. pDtassiuni 

4. Sodium 
.5. Lithium 

6. lianum 

7. Strontium 

8. Calcium 

9. Magnosium 

10. Aluminium 

11, Chromium 


12. Manganese 

13. Zinc 

14. Ca<lmium 
1.5. Iron 

16. Cobalt 

17. Nickel 

18. Tin 

1 9. Lead 

20. (Hydrogen) 

21. Antimony 
22 Bismuth 


23 Arsenic 
2 4. Copper 
2,5. M(M(ury 

26. Silver 

27. Palladium 

28. Platinum 

29. Cold 

30. Indium 

31. Rhodium 

32. Osmium 


In this table each metal is olectrojiositive to any other metal having the 
greater number before it, or below the metal in the table. 
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Aluminium and its alloys are attacked by alkaline soluticmSy e.g. 
caustic soda, caustic potash and sodium carbonate. 

Nature of Alloy and Corrosion Resistance 

As stated previously, some of the light alloys of aluminium are 
more resistant than others to corrosive influences. The wrought alloys 
corrode to a lesser extent than steels uith the exception of the stainless 
class. 

It has been established that none of the alloys Tvhich owe their 
hardening to the presence of copper and magnesium, with silicon also, 
and submitted to a hardening treatment involving the breakdown of 
the quenched solid solution is very resistant to corrosion. On the 
other hand, in the solution heat-treated condition such alloys have 
a resistance to corrosion at least as good as that of pure aluminium. 

Typical corrosion-resisting alloys in this class are duralumin 
and the clad metal, known as “Duralplat.” These alloys contain 
magnesium and silicon, whilst the surface layer of the latter contains 
manganese as w^ell. It has also been shown* that if an alloy contains 
a solid solution whi(‘h is not stable the resistance to corrosion is lessened 
considerably. Thus, the alloys in which the solid solution is broken 
down by precipitation heat -treatment above 125° C. have a con- 
siderably lower corrosion resistance than those alloys in which the solid 
solution IS unstable at room temperatures and which age completely 
at that temperature The corrosion resistance of duralumin, whilst 
being inferior to pun* cilummium, is much greater than that possessed 
by alloys which have been artiflcially aged by jirecipitation at temper- 
atures above 125""^. In this coimcction those alloys of the “R.R.*' 
group are inferior to duralumin. 

It has been suggested as a result of much research that the resistance 
to corrosion of alloys which have been submitted to artificial ageing 
is very nearly inversely proportional to the proof stress of the fully heat- 
treated material. 

Some Corrosion-resistant Alloys 

In view of these facts it has become necessary to investigate other 
aluminium alloys with a view to obtaining a satisfactory combination 
of strength and corrosion resistance; as a result of such researches 
certain promising alloys have been discovered and these are now avail- 
able commercially. 

Notable among these alloys is the aluminium-magnesium one 
having 7 per cent of magnesium and 0*25 per cent of manganese. This 

^AntCf page 61, note. 
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is a non-heat-treaxable alloy having a high resistance to corrosion by 
marine atmo 87 )heres and salt waters. This alloy is available in all the 
forms of duralumin and is also used for rivets. It is known, com- 
mercially, as MO. 7 alloy. 

Another corrosion-resistant alloy of the same series has per cent 
of magnesium and 0*25 per cent of manganese.* 

The introduction of chromium into some of the aluminium-mag- 
nesium alloys has been found to improve still further their corrosion 
resistance. 

Another alloy of the aluminium-magnesium series is that known 
as Birmahright, This contains 3*5 per cent of magnesium and is used 
for sheet metal parts of boats, e.g. the outer plates of small boats, 
motor boats, etc. 

A low-strength alloy of the non-heat-treatable class possessing 
practically the corrosion resistance qualities of pure aluminium is 
Hiduminiurn 7-7, containing 1 -0 to 1*5 per cent manganese, the remainder 
being aluminium It is supplied in soft, half-hard and hard sheets and 
in the two former tem])crs has very good cold-working qualities. It 
has corres])onding tensile strengths of 6*5 to 7-5, 8 to 11, and 12 to 16 
tons per sq. m, respectively. In the soft state the elongation is 25 to 
40 per cent , in the hard state it is 3 to 6 per (*ent. 

For medium-strength properties, Ilidamiuiurn 33 has excellent 
resistance to corrosion. It contains 2*6 to 3*3 per cent magnesium, 
1*0 to 1-5 per cent manganese and 0*2 j)er cent titanium, fn the soft, 
half-hard and hard conditions the tensile strengths are 15 to 17, 
20 to 22 and 22 to 26 tons j)er sq. in. resjiectively. The corresponding 
elongations are 15 to 25, 5 to 8 and 3 to 5 per cent, on 2 in. The 
average Brincdl hardnesses are 50, 75 and 100, respectively. 

A stronger corrosion -resistant alloy is Hiduminium 35 which in 
the hard state— -obtained by cold-working — is from 26 to 30 tons per 
sq. in. with 5 to 2 per cent elongation, and a Brinell hardness of 100 
to 120. 

There are now several other Hiduminium and proprietary makes 
of aluminium alloys for cast and wrought conditions possessing good 
resistance to corrosion. 

Oxide-coated Aluminium Pistons 

The ordinary aluminium alloy pistons used in automobile engines 
are more prone to wear and “scutfing” action than the earlier cast- 
iron ones which they replaced. In order to overcome this drawback 
and to produce pistons which are practically immune from wear, the 

♦ See also page 44. 
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alloy aluminium piston is now given a surface coating which is very 
hard and can neither be scratched nor scuffed. 

The pistons are immersed in a tank (‘ontaining a solution of sul- 
phuric acid. This solution is maintained at a temperature of 70° F. 
While in the solution, the piston, carried on a conveyor, is the anode 
for the coating operation. Jt emerges from the tank with an aluminium 
oxide surface approximately 0-00025 in. thick, aluminium oxide is 
one of the hardest substances known to metallurgy. 

In the electro- coating })roces8, the piston rings and piston pin hole 
are treated as well as the piston itself. Once the unit has re(*eived its 
coating of aluminium oxide, further work cannot be performed as 
the surface is too hard for any tool The coating is done in a cold 
solution, and there is consequently no distortion of the piston during 
the process. 

Clad ’’ Aluminium Alloys 

These alloys, whi(‘h are in the sheet form, are protected against 
corrosion by having a siqierfieial layer of pure aluminium on each 
side; as stated previously, aluminium itself has very good corrosion 
resistance projierties Ty])i(‘al examples of (commercial ‘‘clad” alloys 
are Alelad* and Aldural f 

Alclad consists of a core of strong heat-treated aluminium alloy 
comprising approximately 90 per cent of the thickness, kcaving about 
5 per cent on each side of pure aluminium. There arejliree distinct 
zones, namely, the pure aluminium one, the juiuction betw^een the 
aluminium and base metal, and the base metal itself. 

The junction of the base metal and coating re])resents an alloying 
of the two as shown by the photornicrograiih of a typical sheet metal 
section shown in Fig. 41. The aluminium coating not only resists 
corrosion and prevents contact of the corroding media with the core, 
but since jiiire aluminium has a higher solution potential than the core 
alloy, in the presence of moisture the latter will be preserved at the 
expense of a small amount of the coating. 

This electrolytic j)rote(*tion extends to the cut edges of the sheet 
and also to rivets and bolts of aluminium alloy or to deep scratches 
or abrasions. Cases have been knowm of hying boats in w’hich, through 
constant beaching, the greater part of the aluminium coating has been 
worn away, yet the duralumin core still remained unaffected by the 
salt water. 


* Northern Aluiinntutn Co. Ltd. 
t James Booth & Co. Ltd. 
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In the workshop, rather more care than usual is perhaps needed 
in handling Alclad to prevent scratching and damaging the soft outer 
coat, but in view of the foregoing remarks it will be appreciated that 
scratches do not seriously affect the corrosion resistance. In bending 
and flanging operations which involve the stretching and compression 
of the outer fibres of the material the ductile coating on this material 



enables sheet to be formed over a sharper radius than is usually 
possible with uncoated sheet of the same gauge. 

There may be several methods used in the production of Alclad, 
but essentially the process consists of rolling on to the two outer 
surfaces of an ingot of strong alloy two plates of pure aluminium. 
The plates may be affixed during the casting of the ingot or during 
the hot rolling process but m either case the main welding of the two 
materials occurs during hot rolling and is consolidated in the sub- 
sequent cold rolling and thermal treatments. 

The core alloy used is frequently of the duralumin type as in the 
British Standard Specification L.38 but there are other Alclad alloys 
with core materials of either the single or double heat-treated types. 
More recently there has been produced a “clad"' alloy known as 
Alclad NA.23S conforming to specification D.T.D.390 which was 
designed especially to combine the corrosion resistance of Alclad with 
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the strength of uncoated duralumin (B.S.S.5L.3) yet to possess the 
ductility of B S S.L.38 sheet and strip 

Aldural is an aluminium -clad duralumin alloy sheet with a thickness 
of about 5 j)er cent of pure aluminium on either surface. The resultant 
product IS only slightly inferior m mechanical strength proiierties to 
the core alloy. As with Alclad the aluminium is cathodic to the 
duralumin and therefore confers electrolytic protection on the latter, 
so that there is no preferential corrosion at cut edges or at holes. 
Moreover, when this clad metal is riveted with duralumin rivets the 



Fig 42 Showing Jun( ifon of ihf Pure All minium Coating with 
C oui Allo^, in Alctad x 100 


heads ot the latter are protected, electrolytically, by the aluminium 
surface 

Aldural conforms to the Air Ministry specification 2L 38, while 
the DTD 390 specification covers the “Aklural G'' alloy, this has 
a stronger core than the former alloy sheet. The following are the 
minimum specified mech«inic«il properties. 


TABLE 36 

Pkopertils of Aldural Clad Alloys 


Alduial 

0 l‘\, Pioot Stress 1 

Maximuin Stic'ss 

Elongation 

Spec ihc at loii | 

Tons pc 1 sq in 

Tons pel sq in 

j per c*ont 

2L 3S 

13 r> 

24 0 

15-0 

1> T.l) 390 

15 0 

25 0 

15 0 


In regard to heat-treatment the composite alloy is dealt with in 
exactly the same manner as duralumin. 

Duraljplat is an aluminium alloy sheet of the duralumin class 
coated on either side with a corrosion-resisting alloy containing mag- 
nesium, manganese and silicon. It has a proof stress of 17 to 18 tons 
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per sq. in., tensile strength of 26 to 27 tons per sq. in. and elongation 
of about 17 to 18 per cent. After 150 days’ exposure to a salt water 
spray the proof stress is diminished only by about 5 per cent. 

Protection of Aluminium Alloys 

When aluminium alloys are used in places where they become 
exposed to atmospheric and sea air and other corrosive influences, it is 
necessary — as in the parallel instance of steel — to protect the surfaces 
either by 'suitable (*oa tings of organic materials or by chemical methods, 
such as anodizing. The protective media, if in the form of paints, 
enamels, varnishes, etc , must be of a neutral (‘haracter in relation to 
the alloy, so that no acid or alkaline action can occur. The cellulose 
and synthetic* resin v^arnishes and paints afford good protec'tive value. 

As the surfaces of many light alloy ])arts are usually smooth they 
do not give good adherent media for paints and varnishes, so that it is 
an advantage to sand-blast, frost or otherwise obtain a matt surface 
for better adherence of the jirotective materials. 

The ProcenH. The M B V. process of surface jireparation is to 

immc'rse the aluminium alloy articles in a boiling solution consisting 
of 5 per cent sodium carbonate yflus 1 5 jier (*ent sodium chromate 
for 3 minules, followed by washing in water and drying. The effec't 
of this treatment is to give a thin grey film which is an ex(‘ellent key 
for paint or varnish. The* surfaces to be ])rotected must be entirely 
free from gre<ise. In the apph(*«ition of the ])rotective material a 
spray gun is rec'ommended. 

Except, perhaps, in the case of non -heat -treatable alloys stove- 
enamelling or baking jirocesses for certain of the synthetic resin paints 
and varnishes should not bo used, since the higher temperatures will 
usually affect the heat -treatment results previously obtained, (^old 
.synthetic resins are now available* wdiieh give satisfac'tory results. Low 
temjierature stove-finishing synthetic lacquers can be used in (‘crtain 
instances and in this respect the stoving t(*inperatures arc about 120'’ 
to 150" C. 

Ill (*onncction with the geni*ral u.se of paints, enamels, lacquers, 
etc., the principal objection to the.se for light alloy protection is that 
they have a relatively low resistance to surface abrasion, scratching, 
etc., so that for parts liable to rough usage the metal below may 
become exposed, locally, to outside corrosive influences. 

Plating Method fi. Aluminium and it.s alloys are difficult to nickel or 
chromium plate, but methods now available have been applied succe.ss- 
fully to certain articles, including dome.stic aluminium ware. When 
parts are nickel-jilated it is sometimes necessary to heat them to about 
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250® C. in order to produce an intermediate layer of alloy rich in the 
plating metal. When chromium is employed, it should not be applied 
to the aluminium alloy direct — since fine hair cracks occur — but over a 
basic nickel coating. 

Mekil H'praymg Method. Another method of protecting aluminium 
alloys is by the Schoop metal spraying irrocess in which a ribbon of the 
protective metal, e.g. zinc, lead or aluminium is fed into a special design 
of spray gun where the metal is melted and sprayed on to the alloy 
by compressed air. This method has been employed to coat alloy sheets 
with pure aluminium as in the Alclad process. 

The Anodizing Method. The anodizing method previously referred 
to is now more widely employed than most others. It was originated 
by Dr. C. 1) Bengough and J. M. Stuart in 1921-24,* and depends 
upon a chemical method ot obtaining a jiroteetive film of aluminium 
oxide or hydroxide by making the metal the anode in a bath of dilute 
chromic acid and using a carbon cathode (subse(}uently a stainless 
steel cathode was used with success). The process is suitable only for 
aluminium and aluminium alloys, so that the anodic* film is composed 
almost entirely of aluminium oxide in a glassy adherent form. 

The anodic oxidation of aluminium has a marked influence on 
bending tests for thin sheets, increasing the permissible radius of the 
bends in both longitudinal and transverse directions, but without 
substantially altering the tensile strength of the material. 

The anodic process is widely adopted tor the jirotection of alu- 
minium used in aircraft construction. It is also used to produce finishes 
of pleasing colours. A further use is to increase the surface hardness of 
aluminium pistons ; it givc\s a thicker coating than the first process 
described on page 85 

The electrolyte consists of 3 ])er cent chromic acid solution <and 
is worked at a tem})erature of 40 C It is contained in a plain iron 
tank heated by steam coils, gas burners or eleciric elements. Water 
coils have also to be provided to maintain the temperature at the 
correct value. Agitation is desirable to prevent local overheating of 
the electrolyte. 

Aluminium sheet requires a current density of from 3 to 3*() amps, 
per sq. ft., but the maximum current density may vary considerably, 
according to the composition of the articles treated. 

As in all electrolytic processes the aluminium must be chemically 
clean before the anodic oxidation is begun. It is cleaned by simple 

* A full account IS given m publiiation on “The Anodic Oxidation of 
Aluminium and Its Alloys as a Protection against Con*osion,“ H.M. Stationery 
Office, London (Is. 3d.). 
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immersion in a hot solution of “Zonax” metal eleaner of a strength 
of 8 oz. per gallon, contained in a plain iron tank. Should any heavy 
polishing composition or grease be present, the pieces should be 
swabbed with a cotton mop. They are then well swilled and put 
into the anodic solution. 

They must be suspended by aluminium wire or duralumin rod. 
Should any other metal be put in the solution anodizing will not 
occur as the foreign metals will take all the current. 

The voltage across the bath terminals is raised gradually from 
0 to 40 in about 15 minutes, maintained at 40 for 35 minutes, raised 
to 50 in a period of 5 minutes and maintained at this value for a 
further 5 minutes. 

Acid Anodizing Method, Another method, known as the acid 
anodizing process, is sometimes employed and utilizes sulphuric acid 
solution as the electrolyte with a lead cathode, it is similar to the 
process given on page 85. The solution is contained in a lead-lined 
container with means for getting rid of the hydrogen formed. The 
voltage across the bath terminals is about 15 and the current density 
15 amps, per sq. ft. The method gives a very hard skin find for this 
reason is sometimes used for anodic (*oating of aluminium pistons. 
Anodized alloys can readily be coloured by means of aniline dyes 
immediately after the oxidation of the metal. The dyes or pigments 
used should be fast to light and weather conditions. 

Temporary Protective Materials 

Aluminium alloys in storage arc usually prot(‘cted by means of 
preservatives employing solutions of wool fat or anhydrous lanolin. 
Even after anodizing it is advantageous to protect stored parts in this 
manner. If zinc or b.irium chromate is added to lanolin an appreci- 
ably greater measure of protection is secured. An important advance 
in aircraft component protection* is that of resin or wax-hardened 
lanolin preparations containing a pigment. The solvent may consist 
of equal parts of white spirit and naphtha to whi(‘h is added about 
40 per cent of 60-40 mixture of lanolin and resin or wax-hardening 
medium. A special zinc cliromate pigment together with a small pro- 
portion of kaolin is introduced to prevent caking. This protective 
medium can be applied by spraying or brushing. It has the advan- 
tages, therefore, of ease of apjdication and lightness, since the weight 
of resin -hardened lanolin film is only about 0-6 oz. per sq. yd. In 
the case of a large flying boat if this protective medium is used 

* “Some Corrosion Problems Kolating to Modern Aircraft,” A. J. Sidery 
and J. W. W. Willstrop, Journ. Roy. Aeron. Soc., 19th January, 1939. 
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instead of pigmented vamish or enamel the weight of the coating can 
be reduced from about 400 lb. to 120 lb. 

Corrosion of Riveted Joints 

Experience has indicated that corrosion occurs at riveted joints 
in the aluminium alloy plating of flying boat hulls and floats. If, 
however, aluminium clad sheet, such as Alclad or Aldur, is employed 
in conjunction with anodized duralumin rivets this difficulty may be 
overcome satisfactorily. 

Aluminium Sheet Metal Work 

Aluminium and many of its alloys are admirably adapted to sheet 
metal work on account of their lightness, the ease with which they 
can be worked, and their low cost ; with the exception of sheet-iron, 
aluminium is probably the cheapest metal on the market. 

It can be obtained in a variety of grades, from dead-soft to hard- 
rolled, and each grade can be chosen so as to suit the requirement of 
the object to be made. Sheets may be finished with any degree of 
polish or frosting, and the finish is more or less permanent. 

The applications of sheet aluminium include aircraft engine cowling, 
fairing, panels, and general body parts; automobile body work; 
railway coach work , lamps (spinnings) ; pressings, and numerous 
other purposes. 

The following brief notes refer to some of the commercial aluminium 
sheet metal fabrication processes.* 

(1) Blanking. For moderate numbers of blanks cast alloy iron 
dies are used, with or without a hardened steel insert. For limited 
numbers of blanks mild steel dies are used. 

The clearance between the punch and die is important if blanks 
with smooth edges are required. As a general rule the difference 
between the diameters of the punch and die should lie between 10 per 
cent and 16 per cent of the thickness of the aluminium sheet. The use 
of a lubricant, such as paraffin, is recommended to prolong the life 
of the die and give clean blanks. 

(2) Pressing ami Drawing. The dies used are generally of hardened 
tool or chrome steel and are given a high surface finish in order to 
prevent clinging of the aluminium. A slightly tapered punch is recom- 
mended to facilitate stripping. 

An important factor in punch and die design is the relation between 
the radii of the edges of the tools and the metal sheet thickness ; as 

* Recommended by British Aluminium Co. 

4 '-(T 5303) « 
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a general rule the punch radius is made equal to between () and 10 
times the metal thickness. 

The clearance between the punch and die should be at least 5 p(T 
cent greater than the tliickness of the metal. For the final operation 
of a series, dies are sometimes made Avith a (*learance of less than the 
thickness of the metal to give a smooth hard surface to the pressing, 
but with a slight reduction in thickness. 

For pressings and deep drawing it is important to employ a suitable 
lubricant. *For shallow drawing, stamping and blanking, ]:)arafiin is 
used, but for deep drawing and pressings vaseline or lard oil should 
be employed. 

In regard to the number of draw\s or ])asses, the reduction in dia- 
meter is governed by the strength and thickness of the metal. As a 
rule it may be assumed that for a single o])eration draw a reduction 
up to 50 per cent of the blank diameter can be obtaiiH'd. For multiple 
operations a first reduction draw of 48 ]H>r cent can be followed by 
subsequent reductions of 30 })er (*ent, 25 per cent and 20 per cent, but 
the actual values will depend upon the nature of the work, the temjKT 
of the metal and amount of ironing given to it. 

Pure aluminium of soft temper is most suitable' for h(*a\ y single 
operation draws and dome-shaped pressings. For multi])le operations 
half-hard or even hard temper is preferable, since after the first 
operations su(‘h tem])ers will often withstand more sev(T(‘ reductions 
than soft temper; on the other hand, hard temper aluminium is 
more liable to wTinkling and therefore requires greater ])ressure on the 
pressing ring. Intermediate annealing is seldom necessary, but if 
final ductility is required for, say, a final beading o])eration, material 
of hard temper is advised in order to avoid excessive grain growth in 
the least worked portions at the base of the cu]). 

(3) Spimiing. Where a small number of symmetrical she(‘t metal 
])arts is required, spinning is much cheaper than [massing, owing to 
the relatively high cost of the dies. Spinning is carried out on the soft- 
temper metal in a simple kind of lathe using a series of hand tools to 
deform the circular blank as the latter is rotated by the lathe chuck. 
Usually, the metal blank is held tightly against the rotating former 
or chuck by rrieans of a wooden centre-piece (*arried by the tailstock 
of the lathe and the necessary ])ressiire for forming is apx)lied by a 
lever motion of the tool acting against a pin on the latlie bc'd rest. 

With aluminium the sjieed of rotation should be high, a perijdieral 
speed of about 3000 ft. i)er min. being used. Thus for work of 3 in. 
to 6 in. diameter the chuck sj)eed of rotation would be about 20()() 
r.p.m. ; for work of 15 in. to 20 in. diameter, SOOr.p.m.; and so on. 
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In regard to the size of work that can be spun by hand, it is not 
unusual for blanks up to b ft. diameter to be used for spinnings. The 
chuck is usually made of beech for shod runs, but boxwood or lignum 
vitae chucks have a much longer useful life. For j)ermanent chucks, 
iron or aluminium alloy would be used. In many cases split chucks 
are used so that the work can readily be removed when the spinning 
operation is com]:)lete(I. 

Before and during the spinning f)rocess the blanks should be lubri- 
cated with vaseline or lard oil applied with a rag or brush. 

Machining of Aluminium Alloys 

Pure aluminium, on account of its soft ness, recpiires care in machin- 
ing, owing to the tendency of the tool to tear the metal. For this 



Fig 43 . Spkial Simkai ha tld Tap i-oh Alt mtmi m Alloys 

reason the (‘utting angles must be correctly seh^cti^l and the tool edges 
kept shar]), jireferably by oil-stoniiuj after grinding For many pur- 
poses diamond-pointed tools are used in prodiudion ^\ork for turning 
aluminium alloys. Th(* nnichming speeds of light aluminium alloys 
may be high, thus reducing machining times and therefore costs. 

In regard to machining speeds these depend to some extent 
upon the nature of th(' process and in this conneidion the following 
notes, referring to the rei'omnuMided practice of the British Aluminium 
(V)m])any, are given 

Turning. The tool should ah\a>s be liiiished vith the keenest 
possible edge and any grinding marks should be removed by an oil- 
stone. The to]) surface of the tool should offer as httle resistance as 
possible to the turnings, and should be ground to a very smooth finish. 

It should have a front clearance of about 10 \ a top rake ranging 
from 40'' for softer alloys to 30° for harder ones and a cutting edge 
angle of 35 to 50°. Provided that the work is of a rigid nature as much 
as I to \ in. sometimes may be taken off in one roughing cut when 
running at a speed of from 500 to 7(K) ft. per minute. A lubricant 
should bo used for heavy cutting of this nature although lighter 
roughing cuts often are done dry. A speed of 600 to 800 ft. per minute 
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may be used for finishinji cuts wlien using ordinary carbon steel tools. 
With tools of high-speed steel, the speed may be even higher. The 
attainment of a good surface de^KUids u])(m a very light cut and a 
slow feed. A lubricant always should be used for finishing cuts, and 



Ki(,. n n\K)is i()i{ M\(HiNrisr(j Ai i minm w AIJ.<>^s 

J 1 tool tor small ili.iim tt i work 

Ji 1 uimiiK tfM>l toi (liaiiMitrH 
r' — S|(l( .( nttinK pl.nimn tool 
J) Planing aial shapmj; timshinK tool 

(.Surt/iuN Alunnniitm ( LOI ) 

a mixture of ])arafhn oil and lard oil, or rapt' oil, in ecpial jtroportions 
gives good re.su Its v\ith mo.st aluminium alloys. 

The lubricant should be used under ])r(‘ssun*, tmd be so fed that 
it tends to clear auay th(» turnings from tlie work. 

It is important to remembcT that the coefficient of expansion of 
light aluminium alloys is high, and it is es.scntial that the work be 
cooled before measuring and finishing to ac*curate dimensions. 
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Screw Cutting and Tappimj. Screw threads may be cut in the usual 
way, first with a single pointed tool and then with a hand chaser for 
finishing. For good work it is essential to use a liberal amount of 
lubricant. Paraffin oil is recommended. Fluted taps are preferable 
for tapping holes in aluminium but with care it is possible to obtain 
good results with ordinary taps, provided that the initial hole is of 
the correct diameter. The best diameter is found by trial. With soft 
aluminium the hole should be larger than with harder aluminium 
eastings, for example, because the tap has a pres.'.ing effect in addition 
to the cutting action, and allowanc'e must be made for this. 

For tapping, bees-w^ax or tallow is userl for lubrication. 

In repetition work, threads sometimes are formed by a process 
known as “thread rolling.’' Hardeiu'd rolls having threads cut upon 
them are pressed into the aluminium, raising a corresponding thread 
by squeezing th(‘ metal. This ])rocess can be applied to screws up to 
2 in. or more in diameter. 

Milling. This is a process much used on aluminium castings and 
one to which aluminium ])articularly k^nds itself. The only special 
feature is the use of tools in which the teeth are set farther apart 
than usual to avoid clogging of the metal particles. Where a bright 
finish is requin^l, paraffin should be used as the lubricant. Ordinarily, 
however, when a mirror finish is not desired, milling is doin' dry, and 
high speeds are used. 

For milling “Y” and “H.H." alloys cutters having a face angle 
of l?^"" and a cutting angle of 15 ‘ are recommended. A ty])ical cutter 
of 4| in. diameter, with 10 teeth, is shown in Fig. 45.* The milling 
speed for this cutter is IfOOr.p.m. with a feed of 0*000 in., both for 
roughing and finishing ; for the latter operation only a very light cut 
is taken. 

Drilling. The drill ordinarily used for alumin’um is the standard 
twist ty])e, although tljc use of flat drills is sometimes advocated. 
For “Y” and “H.R.” alloys a drill point angle of 00° instead of the 
usual 11S° is recommended. The cutting speed is 200 ft. per min. 
with an average feed of 0*tK)5in. 

The same precautions regarding keen edges apply to drills as to 
turning tools. Aluminium should be drilled at a high speed but with 
only a modt'rate feed. The b(\st jieripheral speed is from 150 ft. to 
200 ft. per min., which means about GOOr.p.m. for a drill 1 in. in 
diameter. With a 1-in. drill the feed should be about 0*005 in. ]>er 
revolution, while for a |-in. drill the corresponding figure is 0-003 in. 
Paraffin is an excellent lubricant. 

♦ (^ourtosy, Bureau of liifonaatioii on Nickel. 
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Grinding, Both rough and precision grinding are extensively 
practised on aluminium. There is a large variety of grinding wheels 
available, and it is recommended that manufacturers of the wheels 
be consulted as to the best grad(\s to use* for any particular purpose. 
Usually, the harder the work the softer the wheel employed, but with 
aluminium a soft or medium-soft wheel should not be used owing to 
the tendency for the metal to clog the v\heel. High speeds up to 
10,000 ft. per min. should be employed for w heels of the carborundum 
type, and about 6,000 ft. })er min. for wheels with shellac or other soft 
binders. Rough grinding wheels may be kept from (‘logging by rubbing 



paraffin wax upon them. This prevents the a(lb(^si()n of the metal 
particles without imj)airing the cutting ability of the wheel. 

Filimj. For filing aluminium single cut files always should be 
employed, as those of the double cut tyi)e raj)idly clog and become 
useless. A quick method of cleaning clogged files is to dip them in 
strong caustic soda solution for a moment, after which the metal 
particles can be wiped off easily. A wash in cold w^ater and a drying 
in sawdust should follow this treatment or rusting is likely to take 
place. 

Sawing, A band-saw^ is excellent for such work as cutting off 
runners and risers from castings. The teeth should be large and the 
speed about 600 ft. per min. Band-saw^s should be lubricated with 
oil or, preferably, tallow. 

Reximing- For reaming the harder alloys, sindi as “ Y’' and “R.R.*' 
ones, the reamers used are made to ])r(‘cision diameter for a length of 
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I in. only, the remaining length being slightly below this diameter. 
The speed of reaming varies from BOr.p.m. for a 3-in. diameter to 
lOOr.p.m. for one of J|in. The recommended lubricant is paraflSin. 

PoUshmg, Aluminium is capable of taking, and retaining, a high 
polish, equal to that of silver, without any special arrangements being 
required. 

It is advisable to avoid the use of coarse abrasives, owing to the 
possibility of deep scratches occurring, but for rough castings No. 70 
emery may be used tor the preliminary cleaning. After this, a No. 1 20 
(uiiery is em})loyed, with a compressed canvas wheel, followed by No. 
I()0 emery on a felt wheel. The final polish is imparted by buffing 
on a stitclu'd coflon wheel, using a greasy tripoli comj)ound, followed 
by Irealment on a soft mo]) with dry lime or rouge. 

For slu^et meiul work preliminary cleaning may be accomplished 
with the ortlinary fine Trent sand and oil on a bob covered with leather 
and running at a high s])eed. The second oy)eration is that known as 
“grease-mopping,” and is carried out on a calico mop, using tripoli 
compound. Finally, the articles are finished upon a soft mop, using 
dry lime. 

For castifig^ of a simple pattern, the polishing may be almost 
(*ntirely acc*om])lished by the tumbling process. For rough castings, 
coarse sand or crushed granite mixed with water to about the con- 
sistency of thin mortar m«iy be used as a preliminary. This treatment, 
although somewliat harsh, is necessary, owing to the peculiar nature 
of the metal. When the castings have been sufficiently roughed, they 
are transferred to a wooden or wood-lined metal barrel, and tumbkd 
with steel balls or smootli stt^el punchings in water containing J bun ce 
(jf oxalic acid per gallon This treatment requires from 2 hours to 2 
days, depending upon the size and shapt' of the eastings. The tumbling 
barrel speed is such that the articles roll round and do not drop across 
the barrel. 

Welding Aluminium and Its Alloys 

Aluminium may be welded satisfactorily by the oxy-acetylene and 
electric welding processes if suitable precautions are taken. 

When the oxy-acetylene process is used for sheet metals, strong 
joints may be obtained if the correct flux and wielding rod are used. 
In the welding of aluminium sheet the edges to be joined are melted 
together with a welding rod of pure aluminium. 

The most important ]>oint in welding oj>erations is to remove the 
invisible film of oxide. This is accomplished by the use of a suitable 
flux w^hich attacks the oxide almost as soon as it forms. The best 
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fluxes are those used in a dry condition, the flux being applied by 
dipping the heated end of the welding rod into the powder and melting 
up the adherent flux so as to form a kind of skin along the welding rod. 
Fluxes for aluminium must be kept airtight as they are hygroscopic. 

After welding, any excess flux must carefully be washed away 
with warm water, using a brush. 

The welding r<wl should be of the same composition as the sheet 
being welded and of the same diameter as the thickness of the sheet, 
within certain limits. The minimum size of rod used for all sizes 
of sheet below No. 16 S.W.G. is about No. 14 S.W.G., while, even for 
very thick sheets, rods of over ^ in. diameter are rarely used. 

The electrical welding processes used for aluminium and its alloys 
include the resistance (spot, seam and butt methods), metallic* arc and 
atomic hydrogen ones. As it is not possible, in the limited space 
available, to give detailed information on these prot‘es8es, the reader 
is referred to the publications on Electric Welding and Aluminium 
Jointing issued by The British Aluminium Company, Ltd., King 
William Street, London, E.C.4, and The Northern Aluminium (Com- 
pany, Ltd., Bush House, Aldwych, London, W.C.2. 

Soldering Aluminium and Its AUoys 

Aluminium is a difficult metal to solder satisfactorily on account 
of the thin oxide film always present on its surfai*e: this film must 
be removed if a good joint is to l>e obtained. The removal of the oxide 
film is more important than the composition (A the aluminium solder. 

Although apparently good joints are obtained with the majority 
of the proprietary makes of aluminium solder, these joints are liable 
to a process of progressive weakening due to corrosion of the in(*lud(‘d 
flux ; many of the joints will not withstand a boiling water immersion 
test. 

Solders used for aluminium are usually electronegative to alumi- 
nium, so that in the presence of moisture electrolytic action occurs 
with a consequent corrosion of the solder at the joint , for this reason 
it is advisable to protect the joint with paint or vfirnish. 

The three principal methods of soldering which have given satis- 
factory results are (1) Hard soldering ; (2) Soft solderitig ; and (3) 
Reaction soldering. 

(1) Hard Soldering. In this process the solder consists of an alloy 
of aluminium having a melting point between 500° and im° C. Many 
such alloys exist, but the silicon alloy, containing 10-13 per cent of 
silicon, is undoubtedly the best. The oxide is removed by means of an 
alkaline halide flux, such as is used for aluminium wielding. At the 
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temperature at which the soldering is carried out the flux is melted 
and rapidly attacks the oxide, permitting the melted solder to come 
into contact with clean aluminium and to alloy with its surface. In 
carrying out the process a gas blowpipe is used as heating medium, 
but apart from this and the higher temperature required, the process 
does not differ from the ordinary soldering of brass. The flux is applied 
on the end of the solder stick, which is melted up and flows readily, 
sweating the parts together. Certain manufacturers supply silicon 
alloy solder in the form of a tube with the flux contained inside. Hard 
soldering with a silicon alloy solder is thoroughly to be recommended 
as regards ease of application, strength and permanence. Unlike soft 
soldering, the joint is capable of withstanding the action of boiling 
water or steam A^ithout protection. 

(2) Soft Soldering. In this process the solder melts at a compar- 
atively low temperature and it is this type of work which has given 
rise to the widespread vieu that aluminium is difficult to solder. The 
reason is that no satisfactory flux is available which will attack the 
oxide at the low temperatuie of uorking, so that the oxide must be 
nunoved by mechanical means. After a preliminary cleaning, the 
metal is heated mitil the solder melts upon it. The molten solder will 
not adhere, but it (‘an be made to do so by scraping through it with an 
old hacksaiA' blade or other form of scra]X*r to break up the oxide fihn. 
Once the film is broken the oxide cannot reform under the solder, and 
alloying takes j)lace. When the surface is fairly well covered with 
molten solder the adhesion is improved by rubbing with a wire scratch 
brush while the solder is still molten, thus breaking up any remaining 
traces of oxide. After such “tinning,” the parts can be sweated 
together in the ordinary w^ay. Fluxes are sometimes supplied with 
these solders, but these consist largely of stearin or resin and are of 
little assistance. 

The composition of the solders is not of great importance. They 
usually consist of zinc and tin with or without small aclditions of other 
ingredients. 

(3) Reaction Soldering. This is a new^ly develoj.)ed process which is 
particularly interesting. The solder is a chemical mixture which is 
spread on the parts to be jointed and heated by a blow'pipe to about 
20()° C. A chemical reaction takes place which results in the deposition 
of pure zinc in a molten condition on the aluminium surfaces to be 
joined. The zinc flows readily between the edges and alloys readily 
with the aluminium, forming an excellent joint. Such joints are much 
more permanent than those made by the ordinary soft soldering 
process. 
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The Alunize Process 

A satisfactory solder known as Alimize,* having a high tensile 
strength, has been developed for use with aluminium and its alloys, 
e.g. duralumin and Hiduminium. The cleaned surfaces are heated to a 
temperature that will just cause the solder to melt and the surfaces 
are “tinned” with the solder, using a scraper or wire brush to ensure 
thorough adhesion. After thus coating the joint surfaces more solder 
is added and the two members are clamped together and allowed to cool. 

The solder melts at 160° to 180' C. and has a tensile strength of 
20 to 26 .tons per sq. in. It has given very good results in aircraft work 
and for light alloy tubular bicycle frames , also with Klektron alloys. 

♦ -thini/e Ltd. 



CHAPTER IV 

MAGNESIUM AND ITS ALLOYS 

In recent years magnesium has proved of increasing importance in 
light engineering constructional work on account of the strong light 
alloys which it forms with small proportions of other elements. 
Magnesium alloys — of which the Elektron group is an example — ^are 
now used for automobile and aircraft parts as forgings, extruded bars, 
sheets and castings. 

Magnesium 

This metal in the pure state is of silvery-white appearance and 
has a specific gravity of 1 *74 as (‘ompared with 2*705 for pure alumi- 
nium. It is obtained (*ommercially from two distinct sources, namely, 
from sea -water (which contains magnesium salts) and from mineral 
ores. The Dow (^hemical (\)mpany of America, which is one of the 
largest magnesium producing firms in the world, extracts magnesium 
from the crystalline product known as magnesium chloride hexa- 
hydrate. The metallic magnesium is obtained by electrolysis of molten 
magnesium (*hloride crystals derived from the hexahydrale salt, which 
itself is a by-product of the sea- water brines from which the Company 
extracts salt, bromine and other constituents. Ordinary sea -water 
contains about 0*1 ])er cent of magnesium. 

The natural ores from which magnesium is obtained by the electro- 
thermal process include Brncite (magnesium hydroxide), Magnesite 
(magnesium carbonate) and Dolomite (magnesium associated with 
calcium as a double carbonate). 

The process of extracting magnesium from its ores is a difficult 
one on account of its high affinity for oxygen. In one modem process 
the oxygen combined with the magnesium is taken up by coke to 
form carbon oxides at the high temperatme of the electric arc furnace. 
The mixture of elemental magnesium vapour and carbon oxides thus 
produced is cooled as quickly as possible to prevent the oxygen from 
returning to the magnesium. A well-known process, knowm as the 
Hansgirg one, employs the method of shock-cooling with large volumes 
of hydrogen to attain this object . It is necessary to employ a source 
of low-cost power, such as natural water power, in order to produce 
magnesium at a reasonable price. 
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Mechanical and Physical Properties 

Although coiniuercially pure magnesium is not employed in 
engineering, it has other applications in industry, notably as a de- 
oxidizer, to remove the last traces of oxj^gen from baths of molten 
metal or from inside radio valves. It is also used as the principal 
ingredient of aircraft flares and in photographic flash powder. 

Magnesium is not only much lighter than aluminium on an equal 
volume basisj but it is notably stronger in tension and harder, although 
at the same time it is much more brittle. In this connection the values 
given in Table 37 enable a comparison to be made of the mechanical 
properties of the two pure metals in the rolled and annealed 
condition. 

TABLE 37 

Mechanical Properties of Maonesifm and Aluminium 
(Ait chison) 



Magnesium 

Aluminium 

DoiiMty . . . . .1 

1-74 1 

2-71 

Tensile strength (tons jier s(j. m ) . | 

U U 1 

«•() 

Elongation, yj(‘r Cl lit . . . ' 

5 0 1 

40 

Reduction of ari‘a, per cent 

6 h I 

80 

Bnnell hardne.s.s ... i 

aa 1 

24 

Specific tenacity * . . . ^ 

1 

fia2 

1 

2-21 

* Tlie spt'cifie tenacity is the tiaisile 

slrenglli di\ ideil h\ 

the density. 


From these results it A^ill be noted that magnesium, with a specific 
tenacity of fl*32, is nearl\ three times as strong for its >veight as 
aluminium with a specific* tenacity of 2*21. 

Magnesium has a relatively low' modulus of elasticity, namely. 
3*5 X 10® lb. per sq. in. as compared with 10 x 10® lb. per sq. in. for 
aluminium; this value is not improved, materially, by alloying it 
with small proportions of other elements. 

As the stiflhess of a beam of given depth is proportional to the 
modulus of elasticity, it follows that a magnesium beam w'ould have 
only about 60 per cent of the stiffness of a similar one in aluminium ; 
also, for magnesium and aluminium yilates of ecpial thickness, the 
latter would b(‘ about (iO per cent stiff’er. This pro])ortion also holds 
for most aluminium and magnesium alloys. 

It is here of inter(*st to note that the ratio of the density to the 
elastic modulus is very n(*arly the same for magnesium, aluminium, 
and iron. 
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The principal physical properties of pure magnesium are as follows — 


Specific gravity ...... 

. 1-74 

Weight per cubic inch ..... 

. 0 0627 lb. 

Specific heat at 20° C. . 

. 0 2456 

Thermal conductivity (C.G.S. units) at 1 S ’ C. 

. 0-376 

Coefficient of thermal expansion per °C. . 

. 0 0000269 

Electrical conductivity (silver 100) 

. 39-4 

Molting point .... 

. 651° C. 

Atomic weight ...... 

. 24-32. 


Some Other Properties 

Magnesium itself is not readily affected by the atmosphere ; it is 
considered to be slightly better than aluminium in this respect. On 
exposure it becomes covered with a thin bluish grey film of oxide and 
hydroxide which appears to prevent further attack. As the commercial 
alloys of magnesium are liable to atmospheric corrosion, methods of 
producing a protective oxide coating, analogous to the anodic process 
used for aluminium alloys, are being developed. 

The presence of minute impurities in the metal cause accelerated 
local corrosion. In this connection the commercial metal is of a high 
standard of purity, a typical sample when analysed showing only 
0 08 per cent iron, 0-02 pev cent copper, and O-Ol per cent silicon. 
When magnesium is heated it does not scale at temperatures up to 
about 450^ C., or even up to the ignition temjx‘rature 

The mechani(‘al jiroyierties of magnesium are affected materially 
as the temjierature is increased, the alloys of this metal are also 
influenc<‘d, but to a different degree, In temperature increase. 

The re.sults of some tests made upon a rolled magnesium rod are 
given in Table 38.* 

TABLE 38 

Strength of Magnesium \t Elevated Temperatures 


Temperature' 


Heated 5 lioura at 
l.W C. 

Heated f» Iioutb at 
250° C. 

Heated 5 liourw at 
350° C. 


Ultimutt* 
St I ess 
(Tons per 
sq 111 ) 

Klongation 
per cent 
on 2 in 

i __ _ 1 

> Estimated 

Fatigm* Range ! 
(Tons per in ) 
(Haigh) 

Impact 

5 X 5 mm. 
Charpy 

Ft -lb. 

6-0 

37 

14- 

Of 

1-09 

2 7 

98 


1 48 

1-13 

101 
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* “MeelianiCttl Properties of Pure Maguesium aial (Vrtuiii Magnesium 
Alloys,’* Arehbutt and Jenkin ; Aeron. Hog. Com., R and I/., No. 1,287 
(February, 1929). 
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Magnesium is readily attacked by weak acids, and also by saline 
solutions ; it is not affected, however, by most alkaline solutions. 

Magnesium ignites fairly easily at or above its ignition temperature ; 
its use in the form of magnesium ribbon and in flashlight powders for 
photographic purposes is well knowm in this respect. In view of its 
tendency to ignition certain precautions have to be taken when 
machining magnesium, as a considerable amount of heat may be 
developed, more particularly when high machining speeds are employed 
in conjunction with blunt tools, so that the turnings, chips or y)owder 
burn. Turnings when dry will not ignite s])ontaneousIy, but they 
should not be allowed to stand in the opt^n. They are best stored in 
a covered wx)oden box and can be used as s(*rap after pressing into 
briquettes. 

On account of its relatively high specific tenacity and good heat 
conductivity magnesium, before its alloys became developed, was 
used for the pistons of experimental yiettrol engines The pistons w^ere 
machined from the solid and proved expensive, moreover, the rapid 
decrease in mechanical strength with temperature — for the working 
temperatures at the orowm of the jnston were from 350"^ V. to 380"^ (\ 
— necessitated greater thicknesses of the metal, so that much of the 
original benefit of lightness was lost thereby. 

Magnesium Alloys — General Considerations 

Magnesium by itself is not sufliciently strong to be used as a light 
engineering metal as an alternative to the available aluminium alloys. 
It differs from most of the commoner metals, eg iron, aluminium, 
copper and ni(*kel, in having (Tvstals of the hexagon instead of the 
cubic system, a circumstance which has an important bearing upon 
the mechanical and metallographic behaviour of this metal — as well 
as upon its alloying proyierties. 

It has been established *^hat solid solutions which are necessary 
for strengthening alloys cannot be formed to any appreciable extent 
if the atomic diameter of the metal addition differs from that of the 
solvent metal by more than about 14 per cent. When this rule is 
applied to magnesium, some of the more useful metals that come 
within the percentage limit mentioned include aluminium, silver, 
cadmium, tin, antimony, lead and bismuth. Experimental investiga- 
tions on the alloys of magnesium indicate that, with the exception of 
aluminivm and cadmium, the other metals mentioned produce alloys 
which are brittle and reactive. There are, however, certain other 


* Humf' Kothory. 
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metals outside the group in question which, in small percentages only, 
can form solid solutions. These include manganese, calcium, cerium, 
zinc, nickel and cobalt. 

The commercial binary and ternary magnesium alloys contain either 
two or three of these metal» with small additions of others from the 
two series previously mentioned. In this connection, the following 
systems* have been investigated to a certain extent with varying 
degrees of success — 

Magnesium- Manganese (Mn up to 2*5 per cent). 

Magnesium- Aluminium (A1 from 8 to 12 per cent). 

Magnesium-Cerium (Ce 10 per cent, with or without additions of 
Co and Mn). 

Magnesium-Aluminium-Silver (Al, 7*5 to 8*5, Ag, 2*5 to 3*0 per 
cent, with additions of Zn, Mn, and Ca). 

Magnesium- Aluminium-Zinc (Al, up to 11 })er cent, Zn, up to 
3*5 per cent). 

Magnesium-Aluminiuin-Cadmium (Al, 8 per cent , Cd, 8 per cent). 

Magnesium-Cadmium (Cd up to 20 ]3er cent). 

Magnesium-Cadmium-Zinc (Cd, 4 per cent , Zn, 4 per cent). 

In general, magnesium alloys, on account of their hexagonal crystal 
structure, are difficult to work, as they exhibit marked directional 
properties. This structure, however, easily twins and in this connection 
special manufacturing processes have been evolved for breaking down 
the structure by reix^atedly changing the direction of stress . in this 
manner the ductility has been improved appreciably 

Effects of Metals on Mechanical Properties of Magnesium 

In view of the conclusions outlined in the preceding section it 
is of interest to consider the effects of certain metals, namely, 
zinc, cadmium, and aluminium, upon the mechanical projx'rties of 
magnc'sium. 

Fig. 4() illustrates the mechanical properties of these binary 
alloys for the different percentages of added metals shown by the 
abscissae of the curves. The alloys in each case were in the form of 
extruded bars from which the test specimens were machined, and the 
graphs are based upon experimental values by L. Aitcheson.f 

In connection with the results given for aluminium alloys it may 
be mentioned that the reduction of area diminished progressively from 

* “Materials of Aircraft Construction,” H. J. (»ough, Jotmi. /foy. Aeron, Soc, 
26th May, 1938. 

t “Light Alloys for Aeronautical Purposes with Special Hefcrence to Mag- 
nesium,” L. Aitchison. Jowrn, Boy. Aeron. iSoc.j I4th December, 1933. 
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29 per cent for 2*5 jyer cent aluminhini down to 44 per cent for the 
13* 14 per cent aluminium alloy. 

Whilst the tensile strength values for the alloys with more than 
about 5 per cent aluminium were a marked improvement upon that 



Fio. 46 . Kffect of Other Elements on the Mechanical Properties 

OF Magnesium 


for the pure metal, namely, 11 tons per sq. in., the ductility — as shown 
by the elongation and reduction of area values — is not satisfactory 
from the engineering application point of view. In order to improve 
this ductility the effect of small additions of other metals was investi- 
gated. The addition of zinc in percentages up to about 5 to magnesium 
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alloy containing up to 10 per cent aluminium was found to improve 
the ductility to an appreciable extent, as shown by the results given 
in Table 39. 


TABLE 39 

MAGNESlUM-ALUMINniM-ZINC AlLOYS (ExTBUDED) 


Aluminium 
per cent 

Zinc 
per cent 

Maximum Stress | 
Tons per sq. in. j 

Elongation 
per cent 

Keduction of Area 
per cent 

1-22 

1-26 

13-8 

17-3 

47-0 

3*96 

1-29 

15-8 

17-6 

36-15 

3*75 

310 

181 

200 

34-65 

2-34 

406 

17-6 

21-3 

39-9 

5-53 

3*90 

22-5 

16-25 

17-0 

9-97 

233 

22‘7 

11 5 

13-5 

614 

412 

220 

12-7 ! 

18-5 

4-97 

308 

19*8 

16 5 

24-60 

5*22 

r)-08 

21 0 

17-2 

25-2 


The adihtion of cadmmm to magnesium -aluminium alloys was also 
shown to give a marked im])rovement in tensile strength values, and 
to benefit the ductility, but not to the same extent as the zinc. Some 
experimental values given by L. Aitchison are shown in Table 40. 


TABLE 40 

Magnesium-aluminium-(^admiitm Alloys (ExTRiroED) 


Aluminium 

Cadmium 

Maximum Stress 

Elongation 

Reduction of Area 

per cent 

p(»r rout 

Tons per sq. m. 

per cent 

per cent 

9 47 

1-25 

22*1 

8-7 

9-76 

10-28 

J-96 

22-0 

12 6 

17-3 

9-70 

2 08 

22-4 

10-56 

14-7 

9-50 I 

3-76 

22-05 

11-2 

16-25 

12-44 I 

1-13 

22 9 

7-2 

6-0 

12-99 

2-10 

23-0 

4-2 

5-9 


The effect of wangane^^e in magnesium alloys is of interest since it 
has been shown that this metal, in small percentages, improves the 
corrosion resistance. 

The general results of an investigation into the effect of additions 
of manganese indicated that, between the limits of 0*18 and 2*6 per 
cent of manganese, the tenvsile strength values were between 13*7 
and 13*0 tons per sq. in. and percentage elongations jfrom 6*0 down 
to 3*6. 
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The effect of silicon in jKjroontages np to 2*19 gave tensile strengths 
of 11-6 to 17*1 tons per sq. in.; elongations between 18*8 and 4-2 per 
cent, and reductions of area of 31-3 io 5-9 per cent. A typical alloy 
containing O-Sd per cent of silu^on gave a tensile strength of 14*2 tons 
per sq. in. with 7-3 per cent elongation and 13-4 per cent reduction of 
area. Greater ductility was only obtained at the expense of a loss of 
tensile strength. 

Magnesium-CQpper Alloys 

A series of alloys of magnesium and copp(*r of particular interest 
on account of their good thermal and electrical conductiviti(‘s has been 
investigated by W. R. 1). Jones and W. T. Cook.* 

The magnesium- copper alloys u]) to 13 per cent copper arc the 
more important in this respect and for approximate ])urposes may be 
regarded as having about twice as good thermal and ele(‘trical con- 
ductivities as the magnesium-aluminium series mentioned. In the 
wrought state 13 per cent alloy has a tensile strength of 15-0 tons ])er 
sq. in. with (i ])er cent elongation on 2 in. In the commercial forms of 
magnesium alloys three ty})es have been exploited, viz., the binary 
alloys with copper and aluminium respectively and the alloys con- 
taining zinc as the princi])al addition, with minor additions of other 
metals, including copper. All three ty])es are easily cast, and can be 
hot-worked by forging, rolling, etc. As a general rul(^ these alloys are 
about 30 per cent lighter than aluminium-sili(‘on allo\ c(>ntaining 13 
per cent silicon, which is one of the lightest of ihe other commercial 
aluminium all<\vs. 

Copper is almost completely insolubk* in magiu'sium : it forms an 
insoluble compound MggCu. Jn magnesium containing 0-0() per cent 
copper the presence of the com})ound is readily seen under the nucro- 
scope. On increasing the amount of copper the tensil(‘ strength is 
increased up to about 2*5 ptT cent copjKT, beyond which the strength 
decreases. The ductility is at once d(‘creased on the addition of copj)er 
and becomes almost negligible beyond 0 per cent. 

Magnesium Casting Alloys 

A special feature of the commercial cavsting alloys of magnesium 
is that these can be made in large and complicated shapes as sand- 
castings with no more difficulty tlnui similar ones in aluminium alloy. 
It is also possible to make gravity and also pressure castings on a 
commercial scale and such castings are now in geiwral production. 

Magnesium alloys are employed for castings that are not too lieavily 

* “Magnesium and Its Alloys,'’ W. Ji. I). Jones and VV. T. ('ook, Journ. Hoy. 
A cron, fioc. (Oct., 1920 ), 
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stressed and the ductility of these can be improved by an annealing 
treatment which results in more of the alloying elements entering into 
solid solution. The hardness can be increased, but at the expense of 
the ductility, by a subsequent heat-treatment which results in the fine 
precipitation of a constituent. 

Among the advantages of modem magnesium -alloy castings are 
the reduction of weight (about 40 j)er cent of aluminium alloys) ; 
freedom from brittleness ; absence of pinholes and inclusions and 
greater stiffiiess for a given weight, or the same stiffness for a lower 
weight. There is a fairly wide range of compositions for casting alloys 
but the general composition of these is defined by the following limits — 

AliiTiinnum .... 0 2 to 1 1*0 por cent 

Zinr 0-2 to 3 5 

Mangaiie.e(e .... 0*5 to 2-5 ,, 

1'he mf'chanical properties of these alloys vary appreciably but there 
are two essentially different types within the group, typical compo- 
sitions of which are as follow^s — 

(1 ) Al, S*5 per cent ; Zn, 3*5 per cent ; Mn, 0*5 per cent (maximum 
values). 

(2) Al, 0*2 per cent , Zn, 0*2 per cent , Mn, 2*5 per cent (maximum 
values). 

The mechanical properties of these alloys are as follows — 


1 

j 

0 1 per <*c»nt Proof 
St reHS 

Tons per .sq. in. 

Tensile Strength 

Tons per sq. in. 

Elongation 
per cent 

( 1 ) Sand cast 

Sand ( HKt and solu- 

4 5-r}’5 

9-1 1 

3- 5 

tion lioat-tivatod . 

4 5 .1 T) 

14-16 

9-14 

(2) Sand oast 

ir> 

! 6 7 

1 3- 5 

1 


The first type* has i*haract eristic prox>erties of its class of casting 
alloys whilst the second is used for lightly stressed parts; this alloy 
can be welded quite easily. 

A series of casting alloys favoured in Germany is that containing 
aluminium and zinc with a small addition of manganese. If the 
percentages of aluminium and zinc are indicated by suffix numbers 
then the aluminium series can be wxitten as follows — 

Mu- Alio-Ziij'l 

5 a 1; -Znl ^ 0-6 per cent Mn. 

Mg - Alj - ZdJ 

* Antr, page 105, note (upper reference). 
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The 10 per cent aluminium alloy is heat-treated by annealing 
alone or together with temper hardening. This treatment raises the 
tensile strength of the casting from an original value of 11 -2 tons per 
sq. in, to a maximum of 17-9 tons per sq. in., with a corresponding 
increase in hardness. 

C . Another alloy of magnesium and silicon 

is employed for liquid -tight castings. 

\ \ Heat-treatment of Cast Alloys 

\ \ The alloy.s of magne.sium containing 

\ \ aluminium, zinc and manganese mentioned 

\ \ previously attain their full mechanical 

\ \ strength ]>roperties after suitable heat-treat- 

\ \ ment . 

The magnesium-aluminiuin alloys also 
06 I — develop their full mechanical pro])CTties after 

400*. / suitable heat -treat ment. 

/ The approximate equilibrium diagram of 

/ this series is shown in Fig. 47, from whic'h 

/ at normal temperature 

/ magnesium is c‘a])ab]e of retaining uj) to 

300- / about 2*3 jx'r cent of aluminium in solution; 

/ the slowly cooled or annealed alloy thcTcfore 

/ exhibits a homogeneous structure. Beyond 

/ about 9 |H‘r cent of .'duminium a sc^cond 

/ con.stituent - - jirobahly the int(Tmetailic 

200- / compound AUMgj — appears. I’he solubility 

I of tlie Al 2 Mg 3 compound in the solid mag- 

j nesium increases appreciably with rise of 

) "lo ^ — 35 — temperature: this fac‘t makes possible the 

Aluminium Per Cent improvement of the mecdianieal projKTtie.s of 
Fig. 47. Eqvilibuium this grouj) of alloys bv heat -treatment in 

('» B.V - » to ™u«, 

free com[K)und left undissolvcd on normal 
cooling from solidification to dissolve to the point of saturation, and 
(2) by quenching after annealing so as to give a sufX'r.satu rated solution 
of the compound, and then re-heating to tcmipcTatures of 150° i). to 
250° C. This causes a gradual hardening to occur, owing, probably, 
to the precipitation from the superscatu rated solution of particle's of 
compound in a fine state of division. 

In regard to the aluminium-zinc-manganese series of cast alloys 
two methods of heat-treatment, namely, solution heat-treatment and 


Aluminium Per Cent 
Fig. 47. Eqvilibuium 
Diagram of Magnesivm- 
Ai^TTMiNiuM Alloys 
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precipitation hardening-treatment, similar to those previously men- 
tioned, are employed. The former method consists in heating the 
alloy at 420° C. for 24 hours, during which period the alloy is protected 
by sulphur dioxide or by using a dichromate salt bath. 

The precipitation method consists in heating the alloy at a given 
temperature between 150° C\ and 200° for a period of 12 hours, or 
longer. 

Commercial Magnesium Alloys 

The commercial alloys include the Elektron series, Magnuminium and 
other alloys made to the T).T.D. Specifications. In America the Dow 
Metals, made by the T)ow^ (^hemical ('’o., cover a wide range of applica- 
tions in the form of sand and die-castings, forgings, plate, bar, extru- 
sions, etc. Similar alloys to about nine different specifications of the 
American Society of Testing Materials arc made by the American 
Magnesium Corporation and Bohn Aliimiiiiuin and Brass Corporation. 
These alloys are mostly of the aluminium, zinc and manganese group. 

The Elektron series, originally developed in Germany by the 
Chemische Fabrik (iriesheim P^lektron and subsequently by the I.G. 
Farlienindustrio A.(i., was introduced into this country in 1922 by 
Messrs. F. A. Hughes, Ltd., and has since been taken up under licence 
by a number of casting-])roducing, sheet, forging and extrusion con- 
cerns. By 1934 the dtunand tor Elektron alloys had growm to such an 
extent that a now com})any, now known as Magnesium Elektron, Ltd., 
was formed for the production in England of raw^ magnesium and its 
alloys. 

The Elektron group co\crs a wide range of light magnesium alloys 
inclmling sand, gra\ity and pres.sure die-casting ones and WTOUght 
alloys in the form of forgings, pressings, extruded rods, bars, angles, 
sections, tubes, rolled sheet, etc. 

These alloys conform to D.T.l). Specifications for chemical compo- 
sitions and the sand cast alloys. 

The compositions, equivalent D.T.l). Specifications and mechan- 
i(*al pro})erties of the cast and wrought Elektron alloys are given in 
Table 41. 

Die-casting Alloys 

In regard to the die-casting Elektron alloys, such as AZ.91, these 
give very satisfactory n\sults and are used in a number of instances 
to replace die-(‘ast aluminium parts. The usual die-easting practice 
is followed, but in addition specdal pre(*autiona should be taken. 
Thus, instead of em})loying hand ladles dipped into the molten metal 




Actual "Elektron’' compoBition tTonspcj^sq m 
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— when oxide and slag in(*Iu8ions might result — tilting furnace 
is used for pouring purposes. The metal is superheated in the usual 
way. It is essential that the entry of the molten metal into the die 
should be as tranquil as possible, the die being tilted for this purpose. 



Fi(J 4S UnMA< FflVLl) CUANKCASE IN KeIKTUON FOR (lAHONER 6LW 

High spfeo Diesel Engine 

The dies are kejit at a high temperature by external heating and are 
well vented to allow the air to esea|)e quickly. They are washed with 
a mixture of boric acid and French chalk in water. 

The Eicktron AZ 91 alloy is used for ordinary die-castings and has 
somewhat better die-castiug properties than the A.8 alloy, but not 



Fig 40. Some Topical Elektron Forgini.s 


quite as good mechanical properties ; the latter alloy is used also for 
pressure die-castings and parts have been produced with minimum 
wall thicknesstvs of 0 04 in. ; normally, however, 0 05 in. appears to be 
the lower limit. 

The AZ.91 alloy as sand cast has a tensile strength of 8 to 10 tons 
per sq. in., with 1 to 3 per cent elongation, but when solution and 
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precipitation heat-treated gives 15 to 17 tons per sq. in. with the same 
elongation; when solution-treated only, the tensile strength is slightly 
less, namely, 14 to 16 tons per sq. in., but the ductility is improved 
as shown by the 7 to 9 per cent elongation value. 

The sand cast A. 8 alloy has a tensile strength of 9 to 11 tons per 
sq. in. with 5 to 3 per cent elongation. When solution heat-treated 
the respective values are 14 to 16 tons |)er sq in. and 14 to 9 per cent. 

Applications pf Elektron Alloys 

The cast and wTought alloys have applications covering a fairly 
wide range in automobile, aircraft and industrial constructions where 
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lightness combined with high strength are primary considerations. 
As the metals have excellent machining properties manufacturing 
costs on this account can be kept low. 

In aircraft ap])lications, Elektron alloys are employed for crank- 
cases of engines, covers, brackets, and similar lightly stressed com- 
ponents; and in the construction of fuseJag(\s and fairings, steering 
parts, seats, ])etrol and oil tanks, landing wheels and retractable landing 
gear fittings, instrument boards, brake components, blades for variable- 
pitch airscrews, etc. In this connection development work is still 
proceeding with the object of improving still further the mechanical 
properties of these alloys. 

In the motor transport industry, where the present mode of 
taxation has led to the demand for the maximum power/weight ratio 
in order to give good performance, and as big a pay load as possible, 
these alloys are now being employed for engine crankcases, gear-boxes, 
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back axles, brackets and fittings, thereby enabling marked reductions 
of weight to be effected over steel, cast iron and aluminium parts. 

Among the numerous industrial apj)lications of Elektron are those 
of parts of portable apparatus such as rammers, compressors, pumping 
sets : also wireless and welding sets, machine tools, cameras, binoculars 
and scientific instruments where reduction in weight has important 
practical advantages. The output obtained from machines used in 
making cigarettes and containers, also t<‘xtile and knitting fabrics, is 
increased by the substitution of Elektron for rapidly reciprocating 
parts. It has not been possible in the space available to deal very 
fully with this subject, but for more detailed information the reader 
is referred to the references below.* 

Wrought Magnesium Alloys 

Magnesium alloys with small proportions of added metals can be 
extruded, rollc'd and forged, but with more difficulty and to a more 
limited extent than in the case of aluminium alloys. 

The principal reason for this is on account of the previously men- 
tioned hexagonal crystal structure of these alloys which renders it 
much more difficult to deform the metal than w’ith the cubic system 
of copjKT or aluminiiiin. In the latter system there is a number of 
similar planes on which slip can occur, so that considerable deformation 
is possible by alternate slipping in several planes. With the hexagonal 
system slip can only take place at lower tem])eratures on a single set 
of planes, i.e. in one direction, so that deformation is limited. 

As commercial alloys consist of crystals arranged with their basal 
planes in various directions, the process of distortion or mechanical 
working of the metal is strictly limited. This limitation is reached 
much sooner in the alloys of magnesium than in the pure metal. It is 
not possible in the space available to discuss the subject of crystal 
deformation more fully, but the reader will find an authoritative 
account in a paper by C. H. Desch, F.R.8.,t and in a book by J. L. 
Haughton and W. E. Prytherch.J 

* Elekiroji Mag7ie,mm\ Alloys^ F. A. Hughes Lt(l. 

“Magnosiurn and Its Allnys,” F. A. Fox, Metal Imhistry^ 14th, 21st and 
28th June, and Jth July, 1940. 

Elektron. Sofne Principles of Casting Dcsig^i^ H. Kemingor, Leipzig (F. A. 
Hughes Ltd.). 

“New Uses of PMektron Sheet,” D. B. Winter, Aircraft Produciionj May, 1941, 

“Klektron Tanks,” Flighty Sth February, 1940. 

f “Magnesium Allo,\s,” 0. H, Desch, Joiim. Roy. Aeron. Soc., 14th January, 
1937. 

t Magnesium and Its Alloys^ J. L. Haughton and W. K. Prytherch ; Dept. 
Soient. and Industr. Research. H.M. Stationery Office, Kingsway, London, 
W.C.2 (1937). 
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The following are the principal conclusions arrived at — 

(1) Mechanical working or deformation of magnesium alloys must 
be carried out at temperatures well above atmospheric, namely, 
between 225° and 300° C. 

(2) The crystal grains should be as fine as possible, usually by 
casting from a high temperature. 

(3) The direction of working the metal should be changed fre- 
quently. Thus, if the metal can be squeezed, first in one direction and 
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then in another, a much greater degree of deformation is possible 
than in a single operation. 

(4) Tf the ingot is broken dowm by rolling or hammering cracking 
readily occurs, even for small stage reductions. When, however, the 
surfaces of the mass of metal are confined much greatt^r deformation 
without cracking is possible. 

(5) Tw o satisfactory methods of working are extrusion and pressing 
between heated dies , these methods are used commercially. 

(6) The speed of working, i.e. extrusion or pressing, should be 
kept as low as possible, certainly much lower than for aluminium 
alloys. 

(7) When a series of otierations is necessary, as when pressing, 
each successive pressing should be at a lower temjierature than the 
previous one. 

(8) Rolling to form sheets gives a structure with highly directional 
properties. The ojKTation should be carried out at a slow speed, as 
mentioned in (6), and with the metal heated; the direction of rolling 
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should be altered frequently. The last operation should be a reduction 
of 10 yev cent with the metal cold, followed by annealing. 

(9) When pressing to any large extent intermediate annealings 
are generally necessary, but there is always a danger of excessive 
grain growth. 

(10) By repeatedly changing the direction of stress, or rolling, the 
crystal structure can be broken down largely as a result of repeated 
crystal twinning and as the directional properties are lessened so the 
ductility is imijroved. The use of staggered rolls is recommended for 
this purpose. 

Some Wrought Alloys 

The addition of cadmium to mfignesium, as shown in Fig. 46, 
does not alter the tensile strength appreciably, but the alloys are very 
ductile and can be improved by mechanical working. Rolled strip 
containing cadmium 4 per cent and zinc 4 per cent has a tensile 
strength of 17*2 tons per sq. in., with 22 per cent elongation. This 
alloy can be spun into simple forms, but intermediate annealings are 
necessary. 

The magnesium -manganese group provides an alloy which is notable 
for its weldability and corrosion resistance The alloy in question has a 
maximum percentage of manganese of 2-5 vith aluminium up to 0-2 
per cent and zinc up to 0-2 per cent. 

This alloy, which is much used in sheet form for aircraft fuel and 
oil tanks, containers and ])ancls, etc., has a tensile strength of 12 to 
15 tons per sq. in., with a 0*1 per cent proof stress of 6 to 8 tons per 
sq. in., and an elongation of 10 to 7 jx*r cent. 

Three widely used alloys in the magnesium-aluminium group which 
are employed in aircraft construction are represented by the examples 
given in Table 42. 

In the case of highly stressed components tlie proof stress and 
tensile strength should be increased as much as possible by mechanical 
working and, where possible, by age-hardening. 

A high-strength ningriesivm alloy* containing silver — which has 
been shown to have a beneficial effect upon the strength properties of 
certain magnesium alloys — contained 8 per cent of aluminium, 8 per 
cent of cadmium and 2 per cent of silver. When made in the form of 
forged bars of 1 in. diameter and after a treatment consisting of 
heating for 2 hours at 140° quenching and agemg for 6 days at 
130° C., it gave a tensile strength of 27*6 tons per sq. in. ; 0*1 per cent 
proof stress of 19*5 tons per sq. in., and elongation of 4*2 per cent. 

* Ante, page 105, note (up])er reference). 
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TABLE 42 

WROU<mT Magnesium-aluminium Alloys (Gough) 


Compositjon I Mechanical Properties 


Application j 

1 

A1 

(max ) 

Zn 

(max ) 

Mil 

(max ) 

1 

0 I per 
cent 
Proof 
iStress 
(Tons 
per sq 
in ) 

Tensile 
Strength 
(Tons 
per sq. 
in ) 

Elonga- 

tion 

per 

cent 

Sheet s 

9 

1 T) 

1 0 

7 

16 

10 

Bais and extruHionH 
Crankcase and an 

11 

1 5 

1 0 

9 11 

14-17 

1 

6-10 

screw forgings 

J] 

1 to 

1 0 

! 

10-12 

17 

6 


Other silver-eoutaining allovs mvestigat^'d by C H. Deach gave 
the results shown in Table 43 

TABLE 43 

HiGU-sTKEN<,Tn Wkou(,ht Magnesium (Silver Content) Alloys 


OompoMtion (poi c(‘nt) Mechanical Properties 


A1 

1 

1 

Zn 

Mn 1 

1 Ca 

Tensile 
Strength 
(Tons ])er 
sq in ) j 

0 1 per 
cent Proof 
Stress 
, (Tons per 

1 sq in ) 

Elonga 

tion 

per cent 

1 

8 0 

2 5 


04 

02 

25 2 

17 0 i 

3 5 

7 6 

2 7 

0 7 

0 4 

0 3 i 

2-) 8 

17 3 i 

60 

8 5 

30 1 

1 

0 3 

! 

02 

25 1 1 

1 1 

16 4 

40 


The specific tenacities of the four alloys mentioned are approxim- 
ately 13*9 to 15 2, values which are of special interest in comparison 
with those of the strong light aluminium alloys (wrought) such as 
Y-alloy, K.R.5t), Super-duralumin and duralumin, namely, 8*6, 9*5, 
10*7 and 8*9 resjiectively 

In the case of airficrciv blades made from relatively large forgings in 
similar alloys to those given in Table 42, the metal without age- 
hardening gave a tensile strength of 20 to 23 tons per sq. in. ; 0*1 per 
cent proof stress of 12 to 14 tons per sq. in. ; elongation of 11 to 5 per 
cent and Wohler fatigue range of 7*5 to ± 8*5 tons per sq. in. 
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Fatigue Strength of Magnesium Alloys 

Although the fatigue atrcngth of the best high-strength magnesium 
alloys is less than tliat of the eorresjKmding aluminium alloys, in view 
of the fact that th(» former alloys are only about 00 per cent of the 
weight of the latter the actual values of this strength are of importance 
from the point of view of light engineering structures. 

In this connection the folIov\ing comparison values of fatigue 
limits are of special interest. The Wohler values given are for 20 
million reversals of stress — 

TABLE 44 

Fatigue Limits of WRorcJHT Alvmimi^m and Maijnesutm 
Alloys (Tons per sq. in.) 

AZM Diiraluiniii B Duralumin F H.H.Tifi 

) 8 11 ar) . IIT) j 107 

Strength at Elevated Temperatures 

As in the case of ]Mir(‘ maunesium, the light alloys of this rnetal 
usually show a marked falling tiff in tensile strength as the temp(*rature 
is increasi'd. Investigations made at th<‘ National l^hysi(*al Laboratory* 
on the intiuence of various m(*tal additions upon the strength of 
magnesium alloys at eli'vated teinperatun's indicated that the metals 
which strcMigthen magnesium include' aluminium, silver, manganese, 
calcium, nickel and cerium : ('omlhimtions of two nu'tals wc're found 
to have a greater effect than for om* alcuie. Calcium, even in [)ro])or- 
tions as low’ as jier cent, has also the nsc'ful ])r()perties of producing 
a light ('!' alloy than magiu'sium and iiiifiroviinr the casting pro])erties. 
Orium in the iiroportion of I per cc'iit has a marked strc'ngt hening 
effect at 3(M) C. ; when nickel is also added, the' hardnc'ss is similar 
to that of V-alloy, hut the allo\ reduees the corrosion resistance. 

In coniu'ction with the strength of magnc'sium alloys at elevated 
temperatures some conqiarative values by L. Aitehison an* reproduced 
in Table 7, on page lb. Mention is also made of a special alloy 
having a tensile strength of 7*4 trms jier sq. in. at 300 i\ 

Petrol Engine Alloys 

In regard to the* use of magnesium alloys in petrol engines, for 
])arts such as crankcasc's. their behaviour in (TC't'p, i.(*. whem subjected 
* Anle, page 115 .note (lower refereneo). 


Pun‘ 

Magnesium 
± 4-4(1 
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to prolonged stress at a given temperature, is important ; the available 
information on this subject is rather limited at present. Other factors 
which are concerned with the use of magnesium alloys for pistons 
include their permanence of dimensions when alternately heated to 
working temperatures and cooled, resistance to fatigue, corrosion 
resistance and thermal conductivity* Jt may be added, as evidence 
that the difficulties previously associated with the use of these aUoys for 
pistons are being overcome*, that such exi)eriniental pistons have been 
tried out in engines under overload conditions and over appreciable 
p(*rio(is of operation with satisfactory results. 

Thermal Properties 

The coefficient of linem expansion of magne.sium alloys betwwn 
20'^ and 200' (\ is about 27-0 x 10 ® for cast alleys and 26-8 X 10~® 
for the wrought ones. The corre.sponding values between 20'' C. and 
300" (\ are 28-0 X 10 ® and 27*8 x 10 ® resj)ectively. Jt should lie 
mentioned that the value of the coef!i(‘ient varies a little w^ith the 
coni}K)sitiori and condition of the metal. 

The thermal conductivity of magnesium alloys is 0*32 (\0.S. units 
at 18" C., this value does not vary apj)reciably for the commercial 
alloys. 

Corrosion of Magnesium Alloys 

The subject of the corrosion ofthc.se aIlo\s has received a good deal 
of attention in recent times and the investigations of liengough, 
Whitby, Dcsch. Schmidt and others. hav(‘ established certain facts 
which may be suinmari/.ed. brietly. as follows-- 

(1) Under normal inland atmospheric conditions magnesium alloys, 
(‘ven after prolonged ex])osure, be(*ome (*oated only with a white or 
greyish- white tihn, whereas steel or iron iindt*r similar conditions 
w*ould be thickly coated with rust. 

(2) Cast alloys have a much greater resistance to (*orrosion, on 
account of the actual cast skin, than wrought alloys. 

(3) No addition of any at present known alloying metal in the 
usual small quantities necessary for the light magnesium alloys will 
inhibit, corrosion although, as previously mentioned, manganese has 
an appn'ciable intluence in reg{ird to corrosion resistfince. 

(4) Chlorides cause accelerated corrosion of magnesium alloys and 
tend to break down any protective film on the surface. Thus, sea 
atmoH[>heres, which (*ontain sus}>endt*d salt }>articles, are paTticularly 
harmful, whilst soa-water has a more marked corrosive action. In this 
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connection it is stated that, in Berlin, Elektron bus wheels have been 
in use for some years, but the only serious corrosion that had occurred 
was due to the salt used for melting snow in the streets. 

(5) Excessive corrosion of castings occurs if particles of flux or 
slag containing chlorides are embedded in the metal. These set up 
centres of intense local corrosion leading to complete destruction. 
Modern casting methods, however, obviate the possibility of entrapped 
flux. 

(6) Airscrew blades of magnesium alloy, apart from liability to 
corrosive action by air containing salt particles, are liable to abrasion 
of the leading edges by dust particles and raindrops due to the high 
striking velocity. This elfect occurs even when the surfaces are pro- 
tected by chromate treatment, varnishes, etc. 

(7) Fuels containing lead tetraethyl are liable, under (‘ertain con- 
ditions, to attack sheet magnesium alloy tanks. Whilst neither lead 
tetraethyl nor its ethylene dibromide content alone attacks the metal, 
when both are present, together with water, reactions (*an oc(*ur 
resulting in the de|K)sition of lead which has a marked electrolytic 
action on the metal. Certain organic substances, such as quinoline 
(1 per cent), in the fiul will prevent this action. A method sometimes 
used for fuel tanks is to insert a cartridge containing potassium 
fluoride, w'hich will absorb the water, then the dry components of the 
leaded fuel are without action. More recently this naihod has been 
superseded by the calcium-chromat(‘ cartridge one 

(8) Lead coni})ounds must be avoided in protective paints on 
account of the intense local ekairolytic action previously mentioned. 

(9) Intercrystalline corrosion is not experienced with magnesium 
alloys of the type considered in this section 

Protective Measures 

Magnesium alloy fittings that have to be stored or protected for 
limited periods may be coated with lanolin or treated superficially 
with cellulose or synthetic resin varnishes, zinc chromate or zinc 
oxide bise paints. Exposed parts of structures should be protc'cted 
by one of the modern chemical protective (‘oating methods, e.g., 
chromate, fluoride or selenium. The anodic process used for aluminium 
alloys cannot be applied to magnesium ones. 

The chemical coating methods adopted give a surface layer of 
protective material w^hich is non-porous and adhesive and acts as a 
base for the application of jiaint or varnish 

The usual chromate proU^ctiori process consists in first degreasing 
the parts in a petrol or caustic soda bath, followed by immersion in a 
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solution of 16 parts of potassium dichromate with 20 to 26 parts of 
concentrated nitric acid (1-26 S.G,) in 100 parts of cold water. The 
immersion period is 1 to 2 minutes for coating and J min. for sheet. 
The parts are then washed thoroughly in cold water and placed in a 
finishing bath of J per cent of potassium dichromate maintained at 
66"^ to 75° C. The treatment in question gives a golden colour. 

Another process, developexl by the R.A.E., A\hich has been used on 
Elektron alloys to give a field grey to black finish consists in first 
placing the parts in a pickling bath of 10 per cent nitric acid in water. 
Afterwards they are quickly transferred to a bath maintained at 95° 
to 1(X)°(1, consisting of 1*5 per cent potassium dichromate, 1 per 
cent alum and 0*5 i)er cent caustic scxla in water. With short immer- 
sions of 1 hour the gr<\v finish is obtained, but by prolonging this period 
to about 10 hours an ebony black surface results. An advantage of 
this method is that it (‘an be applied to precision finished parts without 
causing any dimensional changes. 

The selenium proc'css due to (J. D. Bengough and L. Whitby 
consists, briefly, in dipjiing the alloy parts at atmospheric* temper- 
atures in a solution of 10 per cent selenious acid in water to which has 
been added 0*1 to 0*5 |)er cent of sodium chloride . this gives a coating 
of metallic selenium Whilst this coating is satisfactory under atmo- 
spheric conditions and against cert«ain reagents it is not recommended 
for salt air or .salt water conditions, but forms a useful base for protec- 
tive paints or varnisht^s. 

The results of aea-\^ater spray te.sts on Elektron AZM alloy showed 
that wiuMi the* original alloy was selenium-coated it had a tensile 
strength of 18*4 tons }x*r in with 14 per cent elongation 

When jiainted and stored for 4 months tlie tensile strength and 
elongation values were pra<*tically unchanged, but after a further 
4 months’ exiiosure to sea-water s]»ray the tensile strength fell to 16*7 
tons jK*r sq in., and the elongation to (> j)er cent — due to corrosion 
effects. 

Similarly, wlien the alloy was treated b\ the R.A.E. chromate 
method the original tensile strength was 18*9 tons \yer sq. in. with 
15*5 JKT exmt elongation. After painting and storing for 4 months, 
the respc'ctive values were 19*1 tons ]>€'r sq. in and 13*5 per cent, 
whilst after a further 4 months’ exjKisure to salt water spray the 
respective values were 12*8 tons ^ler sq. in. and 2*5 |)er cent. 

Applications of Uagnesium Alloys 

On account of their high specific tenacity values modern alloys of 
magnesium have a fairly wide range of applications in automobile 

5-~(T.5303) n 
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and aircraft engineering, as well as in general light engineering and 
industrial constructions. 

In the auUymobiU field, the cast alloys are employed for crankcase 
and gear-box castings, in place of aluminium alloys, for brake drums 
and brake shoes, commercial vehicle wheels and engine covers, e.g. 
valve-rocker gear, timing gears, oil sumps, etc. Other examples of the 
use of these alloys include motor cycle crankcases and rear axle worm 
gear castings for commercial vehicles. 

Crankcase castings, made by the sand-casting process, enable an 
appreciable amount of weight to be saved. Thus, a large oil engine 
crankcase, when made in aluminium alloy, weighed 284 lb. : the 
crankcase when cast in Elektron weighed only 168 lb., i.e. about 
60 per cent of the former weight. In another instance it was found 
possible to reduce the weight of a petrol engine crankcase from 210 lb. 
for aluminium alloy to 1281b. in Elektron, i.e. about 61 ])(‘r cent. 
Automobile gear-box castings when made in magnesium alloy are also 
about 60 per cent of the weight of aluminium alloy ones. 

The use of magnesium alloys for brake drums and brake shns also 
enables an appreciable reduction in the unsprung weight of the chassis 
to be effected; similarly in the case of l)ack axle casings. When used 
for brake drums it is necessary to employ cast-iron liners for the 
friction wear surfaces. The alloy drums are usually ribbed for ccx)ling 
purposes and, on account of the much better lieat conductivity as 
compared with cast iron, the friction heat is dissi})ated more n^adily. 
The smaller castings such as brake parts, brackets, covers, motor cycle 
crankcases, etc., are made by the gravity die-ca.sting process. 

The wheels of commercial vehicles can be Tiiade of magnesium alloy 
and enable a marked saving in the unspruiig weight. Thus, in the 
instance of the Zijiper wheel for commercial vehicles fitted with 
pneumatic tyres, the body is made as a one-piece casting and the 
wheel is only 40 to 50 per cent of the weight of the equivalent size of 
steel w'heel ; moreover, it has a much better heat conductivity. These 
wheels have given satisfactory results in servic^e over distances of 
100,000 miles in individual cases. As an example of the saving in 
weight per wheel with magnesium alloys, it may be mentioned 
that the w'eights of rear wheels, for the same commercial vehicle, 
in steel, aluminium alloy and Elektron, were 246, 150 and 92 lb. 
resi)eotively. 

In the aircraft industry the application of magnesium alloys is of 
greater importance than in any other field, since weight reduction is 
a primary consideration in aircraft construction and aircraft engines. 
In this field, magnesium alloys of high specific tenacity are used in the 
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form of forgings, castings, extrusions and fabricated sheet metal parts 
wherever possible. 

The possibility of using magnesium alloy aircraft wings is at present 
under consideration and preliminary tests have been made by the 
American Bureau of Aeronautics and the Dow Chemical Company 
upon a complete full-scale aeroplane wing outer panel made entirely 
of high-strength magnesium alloys (Dowmetal J.l. and Z.I.) weighing 
about 179 lb. as compared with 220 lb. for the corresponding aluminium 
alloy panel. The tip deflection of the magnesium alloy wing, under 
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100 j)er cent proof load, \\as about 22 per cent greater than for the 
aluminium one under the same load : this agrees with the theoretical 
results that the deflections are inversely proportional to the weights 
of these metals. The lighter wing had less torsional rigidity and more 
torsional deflection, but it was found that there was little change in 
the critical flutter speed. If the flight tests on such wings prov^ 
satisfactory, a saving of about 20 per cent in the structure weight will 
be jK>88il)le, so that the load-carrying capacity of ainTaft can Ix' 
increased. 

Airscrew^ blades, as previously mentioned, are made from wrought 
alloy forgings. Owing to the low' elastic modulus of these alloys the 
resulting high elastic hysteresis gives a considerable damping capacity 
so that airscrew vibrations are prevented from reaching a dangerous 
amplitude. The blades of variable-pitch airscrews are now almost 
invariably made of magnesium alloy ; blades up to 6 ft. in length are 
now in service. 
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The alloys used for airscrew blades have a specific tenacity of 
12 to 14, an clastic modulus of about 5*6 to 6*0 million lb. per sq. in. 
and a proof stress of 12 to 15 tons per sq in A typical finished blade 
measuring 6 ft in length weighed about 45 lb , another of 5 ft. 2 in. 
in length, 36 lb. 

Castings used in airframe construction, c.g. brackets, landing 
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gear parts, brake shoes, tail wlu*els, dashboard mountings and bra( kets, 
are also made of this allo\ 

Fabricated parts such as jietrol tanks, seat frames, ribs, rudder 
and aileron frames, door frames, etc , are frequently made from 
magnesium alloy sheet, extruded sections and tubing, by riveting or 
welding methods. 

Typical fuel tanks made from Klektron sheet are much lighter than 
those of aluminium alloy and, if suitable precautions are taken in 
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it is not necessary to use hot rivets. Suitable rivets of 6 per cent 
magnesium-aluminium alloy, known as MG.5, are now used cold and, 
owing to the fact that the added magnesium gives the rivet metal a 
similar electro-chemical potential to that of Elektron sheet metal, 
no corrosion occurs between the rivet and sheet metal ; another 7 per 
cent magnesium -aluminium alloy known as MG 7 is also used for 
rivets. 

In aircraft engine corntruciian, magnesium cast alloys are used for 
crankcases, supercharger casings, main bearing caps, valve gear oil- 
tight caps, camshaft and timing gear covers, oil transfer pipes, oil filter 
casings, vacuum pump housings, air intakes, magneto -drive housings, 
and numerous other lightly stressed parts for covers, ducts, brackets, 
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etc. Aircraft engine cowling and fairings are frequentlv made of sheet 
magnesium alloy and are pressed or otherwise fabricated to shape. 

Another important application of magnesium alloys is that of 
aircraft engine hearers Fig 57 illustrates one of a pair of such bc^arers 
made in Elektron for supporting an engine weighing about 16001b. 
Each bearer weighed only 26 lb. The front and rear trunnion attach- 
ments are shown, reajiectively, at F and /? When fitted to the nose 
of an aircraft an inclined tubular strut membiT is attached betw'cen 
the lug 8 and the bulkhead frame of the machine, whilst the end 
T is secured direct to a fitting in the upper part of the bulkhead. 
The forged Elektron alloy has a proof and (ultimate) tensile stress of 
12 and 20 5 tons per sq in , respectively, with 13 per cent elongation 
The landing wheels of many modern aircraft are made of cast 
magnesium alloy, thus the Dunlop aero wheels employ Elektron 
castings for the complete spoked wheels 

In general and industrial engineering where lightness combmed 
with good mechanical strength is required — as for portable units and 
parts — magnesium alloys represent about the lightest solution. Typical 
instan(‘es of their uses include the castings for portable electric and 
pneumatic tools, the cdstings of road rammers of the petrol engine- 
operated type*, portable electric lamps for mine use, (*ertain moving 
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parts of textile machinery, deep-sea diving apparatus, portable petrol- 
electric plant for generating electricity and wireless transmitters, 
cutting-off mechanism of cigarette machinery, etc. 

In electrical engineering also, these alloys are finding favour for 
light d 3 mamo and motor castings, trolley-bus gear, switchgear, etc. 



Fio. 68 Aircraft Kvai'fF Timivo Gear Casting 
( iaMmu* PnxiucU, Ltd ) 

Welding Kagnesium Alloys 

As mentioned previously, certain alloys such as the magnesium- 
manganese group are readilA weldable, and these are employed for 
sheet metal fabrication purposes. Similarly, several of the wrought 
and cast alloys can be elded satisfactorily by the oxy-acetylene 
method, using suitable welding rods and fluxes. As the latter are 
highly corrosive it is important, after welding, to remove all traces 
of the flux by washing and brushing, followed by immersion or 
thorough scrubbing in a bath consisting of 15 per cent of potassium 
dichromate in water (used hot), and then in another bath of 10 to 15 
per cent of strong nitric acid in cold w^ater to w'hich a small percentage 
of potassium dichromate in hot water is added until the bath turns 
dark brown in colour 
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In connection with the welding of castings these should be pre- 
heated to 250° C to 300° C , at which temperatures white paper rubbed 
on the metal will turn a light chocolate colour 

With sheet metal welding lap welds by the ox> -acetylene process 
are not very satisfactory in \iew of the difficulty in removing all 
traces of the corrosive Hux from between the lapped portions For 
thin gauge sheet or hec'tions the butt-welding method is recommended , 
if the edges can be flanged before welding a stronger junction is 



Fh 10 Bill Casting fgh Xmcuvn I n< inf 

< Ma /m \iuui < axftnus ( / nrlmf I td * 

obtained Usualh in aircraft practice butt wedding is tniplcnc'd for 
all sheet medal gauges down to No 24 (0 022 in ^ lor thicknesses 
greater than 0 125 in the eslge^s shoulcl be be\elk‘d to 45 so as to 
obtain a total me Iude*cl «ingle‘ of 00 for the Vvo to be fill(*cl with welding 
metal 

It IS recomniendesl that wlieieveu ])ossibk, welds in sheet medal 
should be heatcsl to 270 (’ to 320 and lianiniere^d all along This 
method is usualh followed duiing the welding jitoch^ss until all tlie 
welds are conipk le on the^ part under c onstrucdion. It is theui followed 
by the ehromating prc)ce*ss pre\iousl\ mentioned 

Sfiec lal welding fluxes and welding rods for magnesium «illoys of 
different c‘ompositions including the* Klektron serie*s, are usually 
supjihed by the manufac ture*rs of these allo>s and by the* Hniish 
Oxygen (Vimpanv, London the same firms also publish fully detailed 
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literature on welding technique and procedure relating to the alloys 
in question. 

Electric spot and resistance welding methods are also possible with 
Elektron alloys for sheet metals, but castings do not spot- weld satis- 
fa('torily. (Copper ele<»trodeH are used for spot welding, but these 
require occasional cleaning in order to prevent spluttering of the metal 
during the welding operation In connection with the strength of 
welded sheet metal joints by the oxy-ac(‘tvlene process, the results of 

Jjjf. 


l'i<; (>0 (Jr H)i RuxtKrr vvn (mfhf) lior kfh ro\ i k 

( \SI1N<.S l-OK \lKCK\ll liNOlMs 
t flit ( h iithnis Itl^ 

tests* on rolled Elektron taken acroNs the line of veld shoved that 
unhanimen'd welds gaM* from 40 to tH) }k‘t cent ot the strcmgth of the 
unw elder! sheet v\here«is h.nnini'rcMl welds ga\(‘ from To to JM! ]>er cent. 

Machining Elektron Alloys 

These in common with otluT light magnesium allo\s, ha\e free- 
< uttmg qualiti(»s <ind arc su]H‘rior m machining pro]>erties to aluminium 
alloys In oid(»r to obtain full <id\<intage of the high cutting spc^eds at 
which Elektron max be m<u limed, it has Ixhmi neec*ssarx to develop 
new d(‘signs of m.n*hine tools allowing s]uiHlle s]K*eds uji to otMH) r.p m., 
so that Elektion paits m,iv be mat hmed at s]>c'chIs of 45(K) ft per min 
without t(Mr or drag \p«irt from the high cutting s|khm 1 s |K)ssiblo, the 
power r('(jiur(Hl tor m.i(hinmg is less than xxith aiix other metal 

(ienerally, Elektron is macdiined without einjiloxing coolants. 
Turning, boring and drillmg, nulling and scrc'xx -cutting (operations 

* ‘ U <*l(ling Mngnchmni Allots, \ K\ les, 77k 3r<l August. 1935 
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require no lubricants, and only in some exceptional cases, e.g. drilling 
deep holes, cutting small screw threads, finish-turning and grinding 
operations, a suitable cooling medium, such as thin oil or crude 
kerosene, is required, the latter being used exclusively for grinding. 
Where the stock is removed in the form of very fine chips or po\^der^ 



Fig. 61 . Ttvist Drills, Klvmlr, and Iap iok Magnlsii m 

thin oil is recommended to jireient the chi[)s from flying about or 
Igniting 

The forms of cutting tools recommended for EI(‘ktron alloys are 
illustrated in Figs 61 to 63 

Ordinary high-speed steel tools are quite suitable During turning 
operations the degree of heating depends on the rate of feed, the heat 
develojjed being conducted away better A\ith larger feeds than with 
smaller ones For drilling operations, the use of long lead spiral drills 
(Fig. 61) IS recommended The point angle should be 130” and spiral 
angle 10”. Flat drills can also be used. In place of counterbores boring* 



MAGNESIUM AND ITS ALLOYS 


bar cutters are employed for holes up to 1 in. in diameter. A further 
advantage in the use of boring bars is the improved chip removal, 
although, with deeper bores, it is desirable to api)ly compressed air 
both for cooling and removing chips. 

Milling cutters (Fig. 62) should be used with a cutting speed of 


Kiel 



Slur AM) Facf Cl rn R for Millivg Magnksii>m Alloys 
(F 4 Ltd) 


lK)Oft. per mill and a feed of 12 in |^r inin Heavy cuts should be 
taken, but the cutters must lx* kept sharp 24-in diameter inserted 
blade (‘utters have Ijeen us('d on crankcase milling with a cutting speed 
of 41KX)ft. pcT mm and a table feed of 4*6 ft per min 



( f A U uffheh Ltd ) 


For iv ruing opt rations the tool shown in Fig. 63 ls recommended. 
This has a to]) rake ol 20 \ clearanw angle of 12° and cutting angle 
of 58° to 60°, The cutting speed for heavy cuts is 900ft. per min.; 
depth of cut, ,;^in and feed for roughing, 0 02 in. per rev. For 
hnishing purposes trails with loss rake should be used and a feed of 
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0*01 in, per rev. It should be pointed out that normal shapes of cutting 
tools for aluminium alloys \\'ill give satisfactory results, if kept sharp. 

For tapping purpose^^ the three flute ta}> (Fig. 61) gives good 
results if the cutting edges are kept sharp. 

For reamimj purposes a 45'’ spiral cutter, undercut (Fig. 61), is 
recommended. 

Band-saws should have 5 teeih per inch. 

For grinding Elektron alloys special wheels are supplied by The 
Carborundum (^ompany, Ltd., and the Norton t^ompany. (Grinding 
speeds of 800 to 1000 ft. per min. are recommended for the grinding 
wheel, and for circular ground alloy {)arts a s{)eed of SO ft. per min. 
for the work itself. 

Polishing should be carried out with glass or flint jmper. Emery 
paper or cloth should not be used . the surfac(‘s should be proUnied 
with lanolin if the parts are to be stored. 

Elektron alloy parts may hi chamd of dirt or oil with petrol. Surface 
deposits are usually removed by dipping in dilute acid or alkali baths 
and afterw’ards washing thorough!} in hot water. 



CHAPTER V 

COPPER AND ITS ALLOYS 

Copper m used extensively in engineering and industry both by itself 
and in the form of alloys with other metals as in the brasses, bronzes, 
bearing metals, nickel-silvers, etc. 

Copper occurs in the metallic form in nature, in crystalline form, 
e.g. in large masses near Ijfike Superior. U.S.A., and some Siberian 
mines. It is also represented in some 240 copjier bearing minerals as 
oxides, suJj)hid(*H, carbonates, arsenates, etc. Among these mineral 
ores are Makichife ((’uCOj.(\i(OH) 2 ), Copper (fiance (Cu 2 ^^)^ Ore 

(C'ugO), Aznrile (2('uC().j.Cu(OH)2), and Copper Pyrites (CugS.FcgSs). 

The })rocesses of (extraction of the copiKT from its ores vary with 
the nature of the latter, but the crude co])per obtained, on acjcount of 
its blistennl app(*arance, is termed hliMer copper. This impure copper 
is refnunl by a subs(*<iuent rcmeltiiig ])roct‘ss in a reverberatory furnace 
having an oxidizing atmosphere and finally by an electrolytic process 
whi(‘h yields inszots of a high standard of purity. 

In engiiKHTiiig practi(‘(‘ thr(‘e principal grades of copj^er are 
cmploy(*d, namelv - 

(1) H.(\ (fliyh Conductirify) Copper. This is of 99*9 per cent 
purity and is us(h1 for (4ectrical pur|KJses and where high thermal 
(conductivity is rcquirf*d. B.S.S. I03() and 1087 deal with raw coppers 
of this grou|). 

(2) R( fined Copjnr. This has \ery small amounts of impurities, 
usually sufiicicnt to prt‘V(*nt it from quite conforming to the con- 
ductivity standard of H,C. copfKT. It has a uide range of industrial 
uses. B.S.S. 108S. 1089, and 1040 d(‘al with three qualities of differing 
puritu\s in this grou]). 

(8) Arsenicol Coppir. This contains up to 0*5 jht cent of arsenic. 
It is widely used f(»r j>lat(*s, IuIk's and sheets in engineering work. 

\Vl\en these coj)|hts contain small iK^rt^entages of oxygen they are 
known as ''fongh-pitch^' copjiers. For certain purposes, however, the 
inclusion of oxygen is a disadvantage, e.g. for welding and tube manu- 
facture, so that oxygen-fr(H‘ copper or deoxidized copper is then 
employed. 

Cathode copper is another commercial form obtained by electrolytic 
refining. As the crystal structure is not suitable, as a rule, for general 
working, this grade is employed for alloy making. 
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Copper powder is another commercial product obtained by electro- 
lysis under specially controlled conditions and also by pulverizing and 
grading ; it is used for moulding and other purposes. 

Lithium-copper. Lithium has been found to be an excellent 
deoxidizing and refining agent for eopper, the commercial lithium- 
copper product being high in density and electrical conductivity. It 
has a relatively low lithium- calcium content, usually below 0*01 per 
cent ; this tends to protect the copper against subsequent oxidation. 

Lithium- copper, although not yet of commercial importance, has 
the same melting and casting procedure as ordinary copf>er, but can 
be annealed at considerably higher temperatures than oxygen-contain- 
ing copper: it can be bright -annealed conveniently and satisfactorily. 

Properties of Copper 

Cbpper in the clean polished condition is a lustrous “copf)er-red '* 
metal possessing excellent malleability and ductility : the presence of 
impurities, however, diminishes the two latter properties. 

When exposed to the air in the jiresence of moisture and carbon 
dioxide it becomes coated with a greenish basic carbonate which, 
under normal atmospheric conditions, a<‘ts as a protection against 
further corrosion ; for this reason and also on account of its decorative 
green patina effect copper is often used for sheathing tlu* domes of 
buildings, etc. It is practically unaffected by (*austic alkalis, sea and 
other waters, and is used for the plating or sheathing of wooden ships. 

It is strongly attacked by nitric a(*id but only very slowly by dilute' 
hydrochloric and sulphuric acids in the abse»M'e of air. ammonia(*al 
.solutions also attack copjx'r. 

Polished copper when cxposcnl to ck'an dry atmospheres ma\ 
acquire an invisible protective film of cuprous oxide ((Hi 20 ) winch 
increases its resistance to subsequent attack by contaminated atmo- 
spheres. 

Copper is an excellent conductor of heat and electricity, being 
second only to silver in these respects — as shown by the comparative 
values given in Table 45. 

Applications of Copper 

On account of its high thermal conductivity copper is employed for 
locomotive fire-box plates, radiator elements, domestic boilers, moulds 
for casting metals (also for bottom plates), refrigerator tubes, coils 
and vessels, domestic cooking utensils and kettles, etc. It has also 
been employed for the cylinder heads of internal combustion engines 
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in special instances on account of its much better heat conductivity 
and dissipation qualities as compared with aluminium. 

TABLE 45 


Thermal and Electrical Conductivities of CoMMBRdALLY 
Pure Metals (20® C.) 


Metal 

Relative 

Thermal 

1 Conductivity 

1 (Copper = 100) 

1 

Relative 
Elwtncal 
Conductivity 
(Copper — 100) 

Coefficient of 
Linear Expan> 
sion per ®C. at 
20° C. X lO-* 

Silver 

108 

106 

19 

Copper 

100 

100 

16*6 

Gold . i 

76 

72 

14 

Aluminium 

56 

62 

23 

Magnesium 

41 

39 

26 

Zinc 

20 

29 

30 

Nickel 

' 15 

1 25 

13 

Cadmium . 


' 23 

31 

Cobalt 

! 17 

18 

12 

Iron 

1 17 

1 

12 

Steel 

! 13-17 

13-17 

12 

Platinum 

1 

16 

9 

Tm . 

' 17 

15 

21 

Lead 

0 

1 « 

28 

Antimony 

1 ^ 

I 4*5 

11 


The high electrical (‘onductivity of this metal has led to its universal 
adoption for electrical conductors, e g. windings of dynamos, motors, 
transformers and other coils, for bus-bars, switchgear parts, electric 
power transmission cables, telegraph and telephone wires and cables, 
electrodes for w’elding machines and furnaces, house wiring, lightning 
conductors, etc. 

The metal is readily fabricated by cold-rolling, drawing, pressing, 
spinning and coining, and by extrusion, forging and stamping at 
elevated temperatures. It is easy to machine and can readily be 
soldered, brazed and welded. 

Bnudng and Welding 

Hydrogen Furnace Brazing. (k)piier is now being used to an appre- 
ciable and increasing extent for brazing steel partes such as electrical 
refrigerators, evaporators, pistons, and check valves. 

It is necessary, of course, to employ a reducing atmosphere ; hydro- 
gen or a mixture of hydrogen and nitrogen is used for this purpose. 
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Copper brazing is carried out in the electric furnace at teinpcTatures 
of about 1 150^^0., i.e. slightly above the melting point of copper. 
Owing to the presence of a protective atmos})here, nickel-chromium 
ribbon resistors operating at high-watt densities can be used for the 
heating elements. 

If two pieces of steel are joined tightly together and a small (juantity 
of cop{)er is placed adjiicent to the seam, the whole being heated until 
the coj)per melts, it is known that the copper will flow ra]»idly without 
flux into the joint and be distributed evenly throughout the contact 
area by means of ciqnllary attraction. Since (*aj)illary attra(*tion aids 
the process, it follows that the distribution of c()p])er improves with the 
tightness of the tit. Only a very thin tilm of co})j)er forms the bond, 
and when pro}>erIy applied its cost is almost negligible. 

There are two important advantages with this method. Firstly, 
the steel is annealed in the process by slow (*ooling in the reducing 
atmosphere. In this (‘onnection, it might b(^ stated that carburized 
parts may subsequently Ix^ hardened In obs(‘r\ing (ertain precautions, 
and, in general, heat-tr(*ating ])roces.ses may Im^ ( arried out successfully 
after brazing, provided the temperatures used do not reach the melting 
point of copper. 

The second advantage is tRal less juckling or cleaning is recpiired. 
The work comes from th<‘ hydrogen furnaces bright, smooth, and (*lean, 
vnth no roughness at the joints or oxidation of tlie surfaces, in fact, 
the appearance of the parts is improved b\ the brazing o])eration, 
owing to the cleaning eflect of the ri'ducing atmosphere. 

Welding of i'opper. Copper can be welded satisfaidorily l)\ the 
oxy-acetylene and ek^ctric resistance metiKn!'. if suitable precautions 
are taken. The high thcrni<il conductivity of <*o])pcr is a disadvantage 
in welding since the heat is dissipated mon* readily from the parts to 
be welded. Preheating of the parts is generally necessary. The co[){)er 
employed for oxy-ac(‘t^ Jem* welding operations is of the deoxidized 
kind, although toiigh-])itch (*opp(‘r can be weld(*d satisfa(*torily by this 
method. The filler nids an* of deoxidized copp(‘r and a borax flux is 
recommended; this acts also as a prote(‘tive skin ov(*r tin* metal. A 
neutral flame must be used to obviate oxidization of the* (*()ppi*r from 
the air. 

Annealing Temperature 

The ann(*aling temyM*rat ure of <*of>jK*r varies betw(*(‘n 200* (\ and 
600*^0., according to the impurities present and tin* condition of the 
metal, i.e. upon the amount of cold w'ork it has b(*en subjected to. 
Work-hardened copyier of high purity may lx* partly softened at 
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temperatureH as low as 120° C., but the minimum softening temper- 
ature is usually at least 2(X)° i\ For most commercial coppers a 
temperature of 500° C^. is employed, but for heavy sections the furnace 
temf)erature may be raised to After raising to the annealing 

temperature it may be cooled in any convenient manner, namely, in 
air or by water quenching, the latter method facilitates the removal 
of dirt atid scal(‘. 

Physical Properties 

The following are the chief physical values for commercially pure 
copi)er — 

S|K‘cific gravity, H.(’. copyKT, 8-S9. 

Specific gravity, rolled or hammered, S-93 
Weight p(T cubic inch (cast), 0-31 lb. 

(V)efticient of linear (‘xpansion, 20' HlO (\, 0-00001 (>6 jw^r ' V. 

20^ 3(K> (*., 0-00(K}176 per ° C. 

20' rm' V , 0-0<MX)IS6 I>er ° (\ 
Melting |M)int, I0S3 (' (19H1 F.) 
iioiling point, 2325 (4217 F.) 

The spiH'ific h(‘at at normal tem|M‘ratures is 0-092 (\G.S units. 
This value increases with tem|)erature increase. Iwung 0*098 at 3(K)° C. 

Latent heat of fusion, 41-7 to 50-4() calories gramme, 
f'onductivit y, electrical, at 20'“ (' . 1-7241 microhms |H*r cm. cube, 
at 00 F., 1-0942 microhms })er cm. cube. 

Kesistanc<‘ IcnijKU’at ure (-oeflicieiit 

Rf R \ \ ^ a (f / ) I 

where 0 0042t)5 tnd / is the tem})erature at whi<*h the resistance 

is recpiired. 

The value of ^ is not constant but varies with the temperature 
according to tin* following relation — 

I 

234(>~< 

Mechanical Properties 

The strength projnntics ot cop|H‘r depend upon its condition, i.e. 
whether cast or cold-workcd, and the extent of the working; also 
upon the nature aiul amount of impurities or other elements present. 

Rcwisonably pun* copper has a tensile strength of 10 to 11 tons 
per sq. in., with 25 to 30 |xt cent elongation (on 2 in.).* When roMerf 

* Mechamcal HtHMigt h values ^noii the (\>ppor DcNolupna iit .Association 
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or foTffed, followed by annealing, the tensile strength is increased to 
14 to 16 tons per sq. in., with 50 to 60 per cent elongation. 

For cold-rolled copper in sections greater than J in., the tensile 
strength varies from 20 to 26 tons per sq. in., with reduced ductility, 
i.e. with 5 to 20 per cent elongation. The Brinell hardness is 80 to 100 as 
compared with 45 to 55 for the annealed and 40 to 45 for the cast metal. 



Fig 04 Siitt ss-sthain (^itrap for Hard-i>ra\av Coppkr VVirf 


Heavily worked copper such as the wire has a tensile strength of 
25 to 30 tons per sq. in. with 5 to 1 per cent elongation. In this con- 
nection the actual strength value (lepends upon the diameter of the 
wire , thus, in the British Standard Specification for hard-drawn copper 
wire the minimum tensile strength ranges from 22-9 to 29*5 tons per 
sq. in., as the diameter varies from 0-4 in. to 0*004 in. 

The stress-strain curve for hard-drawn copper wire is shown in 
Fig. 64, from which it will be observed that there is practically no 
straight portion of the (*urve and therefore no definite elastic limit or 
yield point. 
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Thtj modulus of dasticity for hard -drawn copper in wire, rod or 
sheet form is 18 x 10® lb. per sq. in. 

The modulus of torsion, or rigidity, is from 6 to 7 X 10® lb. per 
sq. in. 

The limit of proportionality of stress-to-strain of copper in com- 
pression is approximately equal to the value in tension. Annealed 
copper will withstand a very large amount of deformation in com- 
pression without cracking at the edges , thus, reductions in thickness 
of 10 to 1 may be made without difficulty. 

The yield {)oint of co])})er, as previously mentioned, is very in- 
definite so that it is usual to refer to the proof stress which is just suffi- 
cient to produce a permanent set equal to OdO per cent of the gauge 
length 

The fatigue or endurance limit of annealed copper for 50 million 
reversals is ± 4| tons per sq. in. 

Effect of Cold Work on Medutncal Properties 

('opper can be hardened or “tempered*’ by subjecting it to varying 
amounts of cold >\ork, e.g. cold rolling or hammering. The general 
effect of this treatment is to harden the metal as shown by the increased 
Brinell value, to increase its tensile strength and proof stress (0*10 
per cent) and to reduce the percentage elongation. 

These t'ffects are illustrated by the results given in Fig. 65. 

Creep and Strength at Elevated Temperatures 

Cojiper jKissesses a good creep resistance and hard-drawn copper 
wire,* subjected for almost a year at ordinary temperatures to a load 
equivalent to 75 per cent of its tensile strength, show'ed a steady rate 
of creep, after the initial period, of only 5 X 10"" per day. As the 
temj)erature of copjK^r is increased the tensile strength falls pro- 
gressively and both the elongation and reduction of area increase 
continuously. The results of some testsf upon copper previously 
reduced 25 jier cent in cross-sectional area by cold rolling are given in 
Fig. 66. These results show that no brittle range occurs, so that it 
can 1 m? inferred that copj)er possesses ideal hot -working properties. 

Effect of Other Elements on Copper 

The impurities which may occur in commercial copper include 
arsenic, antimony, bismuth, oxygen (as cuprous oxide), lead, nickel, 
sulphur, tin, zinc, silver. 

* British Noil- Ferrous Manufacturers Research Association Report No. 449, 

t W. B. Price, A S.T.M., A.S.M.E., “Symposium on Effect of Temperature 
on Metals/’ 1931 
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When the oxygen content m less than about 0*1 per cent it has 
only a slight effect on the electrical, mechanical and physical pro- 
perties, in rather greater proportions it tends to cause brittleness. 



Fia 6r» fitpjf r ot Fotd Hoilivg os thf Sirpncuh am> Haudniss 
OT* H C Coppi R Si RIP 
(( DA) 

Bismuth in copper reduces the tensile strength and causes red- 
shortness 

Arsenic in amounts up to about 0 5 jior cent increases the tensile 
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strength and toughness and for this reason arsenical copper is widely 
used in engineering, ex(‘ej)t for electrical purposes. The British 
Standard Specification No. 20(> for Copper specifies from (h3 to 0*5 
per cent of arsenic. 

Additions of up to 0*5 per cent arsenic improve the tensile strength 
of annealed copper by somewhat less thAn 1 ton per sq. in. and only 



lEMPtRATURE 'CENT 

Fio fU> PnopturiKs f)i ('oppEit vr lCLF\\Thr) Tkmplkatipks 

i( ff i ) 

very sliglitly iiuTt'a.sc* its hardne.s.s values. In the cold- worked condi- 
tion, ho^\ev^e^, the effect of arsenic is reflected in quite an appreciable 
increase of strength and of hardness, e.g. afUT cross-seclional reductions 
of 50 p<T cent, the tensile strength of arsenical copj)er is up to 2 tons 
per sq. in greater and Brinell hardness 15 points higher than with 
H.C. co])fH‘r.* In addition to giving general toughenuig or strength- 
ening, arseni<* also slightly raises the endurance limit as determined 
by fatigue testing. 

Arsenie raises by about 100’ C. the tein])erature^it which softening 
upon annealing first occurs, and also slightly im})roves the retention 
of strength at elevated temjw.atures. These two features have been 
responsibk' for the adoption of arsenical t*opper for a large number of 
applications, .such as locomotive fire-boxes. 

The electrical and thermal conductivity of copptT is adversely 

* Copper Development Associutioii. 
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influenced by the presence of arsenic, and with an arsenic content of 
0*4 per cent the conductivity values may be less than half the corre- 
sponding H.C. copper values. In comparison with alloys of mt)st other 
metals, however, these values are still of a high order. 

Sliver in amounts up to 0*1 per cent raises the temperature required 
for initial softening upon annealing, but has a negligible influence 
upon the conductivity values. These copper-silver alloys are employed 
for parts \^hich require hardness with high conductivity at somewhat 
elevated temperatures \%here ordinary work-hardened H C, copper 
would be sottened. A typical application is in connection vith electrical 
switchgear contacts. It is also employed for parts that have to Ik* 
soft soldered 'without the risk of softening the metal, e.g. radiator 
gills on tubes. 

Cadmium, a whitish metal similar to zinc with a tensile strength of 
only 4 to 5 tons per sq. in., when added to copper in an amount of 
0*8 to 1*0 per cent increases the tensile strength by about 50 ])er cent 
with a corresponding reduction in the eh*ctrical conductivity of only 
about 15 per cent (in the work-hardened condition). With the addition 
of 0*9 per cent of cadmium it is possible to produce the smaller sizes of 
wire with a tensile strength of about 45 tons ])er sq. in. and an 
electrical conductivity of about 85 per cent of the I E C standard 
for annealed copper. 

Cadmium -copper wires of this class are used for telegrajih and 
telephone line purposes; for trolley wdres the larger sections of wire 
employed have a minimum tensile strength of 28 tons per sq in. and 
89 per cent electrical conductivity. This alloy is also used for high 
tensile overhead electrical transmission lines and it i.> cl./imed to bo 
superior in certain important qualities to steel-cored aluminium cable * 

Other Copper Strengthening Elements 

The tensile strength and hardness of copper are improved by the 
addition of small })ercentages of a number of different elements 
including tin, zinc, nickel, and aluminium. The effect of each of these 
elements as well as cadmium upon the strength and hardness is illus- 
trated clearly in Figs. 67 anH 68. The greatest improvement in strength 
and hardness is that due to tin and aluminium ; zinc and ni(‘kel up to 
S per cent do not affect these qualities appreciably. 

The copper-zinc alloy^s form the well-known group known as the 
hraases. 

The copper-tin alloys are gencTally termed bronzes, aliiiough many 

• “Oa(ltniuin-('opp<ii OonducttjrH, <1 \\ Prohton, KUctneal Heview, 15th 

March. I»35 
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other alloys having no tin at all are now referred to as bronzes, e.g. 
copper-aluminium alloys are called aluminium bronzes. It should be 
not^ that manganese bronze is a high tensile brasb containing a small 
amount of manganese. 

Beryllium is another strengthening element, to which reference is 
made later in this chapter. 

Nickel, in small amounts up to about 10 per cent, in certain copper- 
zinc and copper-tin alloys increases their tensile strength, hardness 
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and ductility whilst at the same time providing greater resistance to 
corrosion at normal and elevated temperatures. 


Typical Alloys of Copper 

Before dealing in rather more detail with the common alloys of 
copper it is of interest to give a summary of the principal alloys used 
in automobile and aircraft construction. The compositions, mechan- 
ical properties, B.S. specifications and applications of these are given 
in Table 46.* 


* “Copper and Its Alloys m Automobile Design,” D. P. C. Neave, Proc. Inst, 
Autom, Engrs,, February, 1937. 
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The Brasses 

The allo 3 rs of copper and zinc are more generally referred to as 
“ brasses,’’ but spe cial com mercial brasses also contain small amounts 
of other elements, sUcTT as nickel and lead, which give them certain 
advantages in particular applications. 

Molten copper will dissolve zinc in all proportions, namely, up to 



Fin. 69, Kolu:i) am> Ankiulkp I’k. 70 Kollld .Iwealkd 

Ykllou Mkt\l (61*’„ C’). IOO 70 90 Bkass. > 100 
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nearly 100 {)er cent zinc, with suitable precautions in regard to the 
stirring, and will give a uniform liquid solution. 

This uniform solution can also be obtained in the case of brass 
when solidified, provided the zinc content does not exceed 37 per cent. 
The resulting alloy consists of crystals of a uniform solid solution of 
zinc dissolved in cop|K*r. This is known as the alpha solid solution. 
The alpha brasses coming within this category include the Gilding 
Metals (C to 20 per cent zinc) , Cartridge Brass (30 per cent zinc) ; 
Yellow or Muntz Metal (40 |K'r cent zinc), Dutch Metal (20 per cent 
zinc) ; Red Brass (15 jht cent zinc) and other alloys known by trade 
names. 

There is another group of brasses, known as the alpha-beta ones, 
having a higher zinc content and containing a second zinc-rich con- 
stituent ; namely the beta solid solution, occurring as distinct cr 3 rBtals 
of reddish colour. The resulting duplex structure is known as an 
alpha-beta brass* 
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The equilibrium diagram* for these two types of brasses is given in 
Fig. 72, which shows the melting points of the copper-zinc alloys 
containing up to 50 per cent zinc ; it shows also at the various temper- 
atures whether alpha or beta crystals, or both, are present. It should 
be added that whilst the equilibrium diagram in Fig. 72 is sufiSciently 
correct for general explanation purposes it appears to require slight 
modification as a result of more recent research. Further, in the case 
of zinc-rich brasses, e.g., 37 per c»ent zinc or 63/37 brass, it is necessary 



Fig. 71. Examples of Hot Brass Stampings for Automobile, 
Bt’^tlpino, and Gevfral Enc.ineebino Purposes 
{C I) A ) 


that the cooling should be slow enough to give the crystals time to 
rearrange their form. 

The alpha brasses possess good tensile strength combined with 
considerable ductility when cold, making them suitable for producing 
sheet, strip, tube, wire, etc. 

The comparative mechanical strength properties of these brasses 
in the wrought condition are shown in Fig. 73 ,t the lower curve 
indicates the strength values of these brasses when annealed. 

The alpha-beta brasses when cold contain hard beta crystals which 
give increased tensile strength but reduce the ductility. When heated, 
however, the presence of the beta crystals renders the brass plastic 
over a wide range of temperature, so that brasses containing 39 to 43 
per cent of zinc are easily worked by hot-rolling, extruding or hot 
stamping at temperatures from 600® to 800® C. 

* “Copper and Its Alloys,” F. A. Fox, Machinery, 19th May, 1938. 

t Brasses and Other Copper-Zinc Alloys, Pub. of Copper Development 
Ajaeociation. 
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The alplui brasses^ on the other hand, retain high strength in corn* 
pression at elevated temperature^, and therefore require greater power 
to hot- work them ; the purer alpha brasses are now hot-rolled com* 
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mercially at somewhat higher temperatures than the alpha-beta ones 
and with more powerful mills. 

Physical Properties of Brasses 

The specific gravity of copper-zinc alloys varies from 8-93 for pure 
wrought copper, down to 8-28 for the 50 jasr cent zinc (50/50) alloy. 
For other intermediate alloys the specific gravity is approximately 
pro))ortional to the zinc content. 

The average coefficients of thermal expansion per deg. C. from 26“ 
to 100“ C. of typical brasses and for H.C. copper are as follows — 

80 20 giUling metal . . . 0-000018 

05 <36 brasa . 0-000019 

60/40 brass 0-000020 

H.C. coppei . 0-000017 
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The coefficients increase with higher temperatures, being 10 per 
cent higher for the range 200° C. to 300° C. 

The specific heat (average) of copper-zinc alloys at normal temper- 
atures is 0-092 C.G.S. units. 

The thermal conductivity of H.C. copper is 0-92 to 0-94 C.G.S. 
units at 20° C. When additions of other elements are made to H.C. 
copper its conductivity values are reduced. Thus zinc additions — 
as in brasses — ^reduce both the electrical and thermal conductivities. 
For example, the conductivities of 95/5 gilding metals are about 55 
per cent to 60 per cent of the H.C. copper value. 

The TO/SO (-artridge brass, 65/35 brass and 60/40 yellow brass all 
have a somewhat similar electrical conductivity, namely, about 27 per 
cent, and a thermal conductivity of about 30 per cent of the corre- 
sponding H.C. values. 

Season Cracking 

Many of the alloys of copjHT — ^notably the alpha and high tensile 
brasses — are liable, under certain conditions, to develop surface cracks, 
either during manufacture or vhen stored. This defect, known more 
commonly as “season cracking,” occurs with cold-worked metals, but 
never with annealed or cast alloys. 

Microscopic examination of the cracks reveals that these occur 
between and never across the crystals, a fact w^hich indicates that they 
are caused by internal stresses — tensile or compressive — which are 
ultimately relieved by the springing apart of the metal at its weakest 
place, namely, across the crystal boundaries. 

Season cracking often occurs wuth pressed or stamped sheet metals, 
rods and tubes fabricated by cold-workuig processes. Such cracks may 
not, however, develop until long after manufacture, but can be 
accelerated if the j)arts are subjected to heating of an uneven or rapid 
nature. Another cause is when articles are soldered , then cracks may 
occur due to the temperature of the molten solder. Yet another cause 
of accelerated cracking is that of chemical action or corrosion. Typical 
agents causing cracks in internally stressed alloys include ammonia 
salts, sulphur dioxide, oil and mercurous nitrate. The latter chemical 
is particularly effective and it is often employed as a means of testuig 
cold-worked articles, such as pressings, for such cracks ; if the latter 
do not occur after immersion of the article it is generally assumed that 
similar parts will remain immune under normal usage conditions. 
The design of the dies used for sheet metal pressings has a considerable 
influence on the production or absence of seasonal clicking tendencies, 
the general aim being to prevent severe internal strelses from occurring 
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and to relieve ordinary etresses in multiple press operations by anneal* 
ing. Annealing relieves stresses in cold-worked articles and season 
cracks are thereby prevented. 

Since the strength properties of many copper alloys are reduced 
considerably by annealing, this process is sometimes inapplicable as a 
means of avoiding season cracking, so that in many instances a low 
temperature heat -treatment method is employed to reduce the season 
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(racking tendency Such treatment, nuolMiig maximum tem])eratiires 
of 2(M> to 3(K) i\ as a rule not onl\ a\oids softening but may even 
result in a considerable impnAtunent in the hunt of proportionality 
and ]>roof stress ol hard-worked allo\^ 

Notes on the Brasses 

As tlie pro]K)rtion of zinc, is increased m copper-zmc alloys the 
('olour changes from the reddish cop]X'r shade to the golden colours of 
the 96 to 80 per cent copyier or gilding metals. When the copper is 
reduced to about 70 per cent the yellow colour becomes paler, mclining 
to greenish, and with further reduction in the copper content the 
yellow colour liecomes warmer until with 00 |)er cent copper the yellow 
ochre of the “yellow^ inetar' is attainetl. A further reduction causes a 
reversion to the golden colour. 

Qilding Metals, These 80 to 95 per cent copper alloys have tensile 
strengths in the hard condition of 26 to 33 tons per sq. in., and elongations 
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of 49 to 60 per cent (annealed), are very ductile and can be cold- 
worked to a considerable extent without serious m ork-hardening. Such 
metals are used for jewellery and for ornamental purposes as they 
possess a golden colour. The 97 per cent alloy is used for the caps of 
cartridges and is known as cap copper. 

Cartridge Brasses. The 70/30 brass is probably the most important 
of the alpha brasses and has the greatest elongation values, namely, 



Fio. 7.). ( Left ) Typical Ai tovatic Lathe Pkodt'cts Mai'htned Fmm 
Extrcded Hrxss Bars, avd ( Itfght ) Brackets, et<’., Partfu Oh- 
moH Lengths of Kvtri dep Brash Sections 

about 70 per cent (annealed) of the cop}K*r-zinc alloys. It is widely 
employed for cold drav\ ing, pressing and spinning purposes , it can be 
drawn at about three times the rate of ferrou.s materials. Further, in 
deep drawing work two ojicrations will usually give a deejKT product 
than three draws on steel. It is important . in t he case of metal for deep 
drawing, that the iron and lead content should he below 0*05 per cent 
and bismuth and antimony should be absent. 

It has an annealing temperature of GOO"" C. With the presence of 
impurities or too high an annealing temperature the grain size becomes 
relatively large, and individual grains may appc*ar at the surface, 
giving rise to what is known as ''orange peeC' effect. 

Basis Brass. This is probably the cheapi^st form of brass which is 
suitable for cold -working. It contains between 61*5 and 64-0 per cent 
of copjKjr. A typical ])ercentage composition is as follows: Cu, ()3*0; 
Zn, 37 This alloy (annealed) has a tensile strength of 23 tons per sq. 
in. with 60 per cent elongation : in the hard-drawm state, after 50 per 
cent reduction of cross-sectional area by cold-working, the tensile 
strength is raised to 38 tons per sq. in. The 63/36 brass with 1 per 
cent of lead is more machinable and is used for mass-production 
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machined parts. The ordinary basis brass is covered by the British 
Standard Specification No. 265. 

Muntz Metal, Sometimes known as Yellow Metal this alloy contains 
60 per cent copper and 40 per cent zinc. It is used principally on 
account of its golden yellow appearance for ornamental purposes, such 
as hand fabricated parts of Oriental origin. It is not suitable for 
pressing and similar fabricating processes, but ouing to the fact that 
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at the hot-working temperature it consists entirely of the plastic beta 
phase it is a particularly good hot- working metal. 

Hot Stamping Brass, This includes the alpha-beta brasses with 
about 58 to 62 per cent copper, which are very plastic when hot, and 
can be stamped, forged oi extruded at 600° C. to 800° C. A very vide 
range of stampings emploj^ed in engineering Mork is made from these 
brasses. Thus, in automobile work such parts include control levers, 
pipe junctions, petrol taps, dram plugs, control gear pinions, water 
pump rotors, wing-nuts, small brackets, etc. The alloy preferred for 
this purpose contains per cent of lead to facilitate machining 
operations. A typical composition, which conforms to the British 
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Standard Specification No. 218,*** has the following percentage compo- 
sition: Cu, 58-0, Zn, 40* * 5; Pb, 1*5. 

The average tensile strength is 25 tons per sq. in. with a minimum 
of 25 per cent elongation. 

Mecliamcal Properties of Brasses 

The tensile strength and otlier inec]utnu*<il ])roperti(*s oi brasses 
dept'nd a good deal iijxm the condition, i e. whether cast, forged, 
extruded, rolled, or ann(‘al(^d, and upon subsequent cold- work on tht 
metal. The grain structure of cast metal becomi^s modified witn hot 
or cold working and annealing, and the .strength is normally greateT 
in wrought forms 

The values given in Table 47 illustrate the nnprovernent in tensile 
strength and hardness, but with redu(*ed ductility, upon 70/30 cartfidge 
brass in the hard-rolled sheet condition: — 

TABLE 47 

Mechanical Properties of Cahtriihie Brass (70/30) 


Condition 

Proof Stn'ss 
(0 IU%) 

^ Tons per 
s(i in 

i_ _ ' 

Maxinuini 

St I ess 
Tons per 
sq. in 

lilongation 

1 on 2 in 
' per cent 

Hniaell 

Hardness 

1 Xnmber 

(%ill castings (i e, strij) 
ingots prior to roll- 
ing) 

Hard-rollod sheet 

Sheet annealed atler 
rolling j 

1 

1 . ' 
(Mer 2r» 

1 

*■’ 1 

16 

20-23 

60- 70 
' K)- ir. 

65“7r> 

1 

60 

ir»0-200 

60 


^The effect of cold-rolling upon the mechanuMl projierties of 70,30 
cartridge brass strip is illustrated in Fig 77 \ The results show how 
the tensile strength, proof stress and hardness increase progressively 
with the amount of eold-rolling whilst the ductility diminishes con- 
tinuously 

Temper of Brasses, The effect of the amount of cold work is usually 
referred to as the ''temper'" of the metal. The soft temper condition 
refers to the annealed metal wdth a Brinell hardness bolow^ about 80. 
The quarter and half -hard temiiers eo\er metal of about 80 to 120 
Brinell hardness. Hard temper metal has a i^rinell hardness of about 

* .Sho Table 46 

t (M).A. pubhcatioii, Brasses." 
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120 to 150, whilst i>prin<j hard temper refers to hardnesses of 150 Brinell 
upwards. 

In regard to the fatigu** or endurance limit of wrought brasses of 



percentage reduction in thickness 
Fia 77. Kn I ( j oh <’oi n roi.i.inu on thl Muhvnkai. 

Proper TIES t)F 70 30 Brass Strip 

H5 per cent copj)er and dow inwards, this uMialh lies In^tween ±_ 6 and 
i: 10 tons ])er sq. iii. for 50 million stri^ss revensals. Cold-worked 
alpha brasses, if subjEuded to hn\ tEunperature heat -treatments at 
250*^ to 270*" i\y can give enduranee values up to ^ 13 tons |>er ^q. in. 
for 60 million stress re^ersals. 
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Corrosion Resistance. In regard to the corrosion resistance of 
brasses, those of higher copper content have greater resistance to 
many forms of corrosion than those of lower copper content containing 
the beta constituent. 

In general the brasses offer very good resistance to atmospheric 
corrosion, being greatly superior to ordinary steels and iron. For 
improved corrosion resistance properties small proportions of other 
constituents such as aluminium and tin may be made. Thus for con- 
denser tubes a small amount of aluminium is employed and for marine 
purposes, tin. 

Admiralty or Naval Brass. A typical corrosion resisting brass 
known as Admiralty Naval Brass has about 1 per cent of tin. It 
conforms to the British Standard Specification No. 251, and has the 
following percentage composition: Cu, 61*0 (min.); Sn, 10, Total 
impurities, 0-76 (max.) ; Zn, the remainder. 

Aluminium Brass. As previously noted, aluminium is included in 
certain brasses for the purpose of improving their resistance^ to corro- 
sion. With about 2 per cent of aluminium the resulting 76/22 brass has 
good sea-water corrosion resistance and is used for marine condenser 
tubes and other exposed parts. It has a tensile strength (extruded) of 22 
tons per sq. in. with 70 per cent elongation and 6 tons per sq. in. proof 
stress. In the hard -drawn condition the tensile strength is increased 
to 40 tons per sq. in. with about 10 per cent elongation and 28 tons 
per sq. in. proof stress. 

Improved Machinable Brass 

In order to improve the machining properties of certain brasses 
small amounts of lead are added. Thus in the case of 60/40 brass 
additions of 1 to 3 per cent of lead render it ‘‘free-cutting.” The lead 
does not alloy itself with the copper or zinc but separates into very 
small isolated globules which, during machining operations, cause the 
turnings to break off short so as to free themselves rejidily from the 
cutting edge of the tool. 

A typical brass of this kind is that conforming to the British 
Standard Specification No 249 (Brass Bars for High Speed Screwing 
and Turning) which has the follow ing percentage coiniK)sition : Cu, 56 to 
60 ; Pb, 1-75 to 3*0; Total impurities, 0*75 (max.) ; Zn, the remainder. 

This metal has a minimum tensile strength of 20 tons per sq. in. 
with a minimum elongation of 20 per cent. 

The cutting speeds for lead- containing brasses of this class can be 
much higher than for ordinary brasses or free-cutting steel so that a 
marked saving in manufacturing costs can be effected. 
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High Tensile Strength Brasses 

This group of brasses consists of copper-zinc alloys of the 60/40 
type with the addition of small percentages of other elements such as 
manganese, aluminium, iron, tin or nickel, to improve the tensile 
strength values. The percentages of the added element or elements 
generally lie between about 0-5 and 3*0. The added element is usually 
present in the form of solid solution, often dissolving in the beta phase. 
Some of the elements appear to act in a similar manner to zinc, but in 
a different proportion, in the copper-zinc alloy. 

In this connection it may be of interest to mention a principle 
originally put forward by Guillet in 1906, which expresses the zinc 
replacement capacity of various elements when added to brass. These 
equivalents are given in Table 48. Thus, the effect of 1 per cent of 
silicon in brass is approximately the same as 10 per cent of zinc, 
1 per cent of aluminium as 6 per cent of zinc , and so on 

TABLE 48 

Equivalent Values of Elements to Zinc in Copper-zinc 

Alloys 


Elonipnt 


Kqui\ alent 
\ alue 

Element 

Equivalent 

Value 

Nickel 


1 2 1 

MagneMuni 

Tin 

2 

Manj?ane8(‘ 


0 •) ' 

2 

Iron 


0 9 1 

Aluininiuin 

6 

Lead 


1 0 ' 

Silicon 

10 


In regard to the negative value for nickel m Table 48, this indicates 
that 1 jier cent of nickel operates in a similar manner to 1*2 per cent 
of copper. It is of interest to note that although this principle was 
discovered so long ago it applies, with certain reservations (in the 
case of complex alloys), to the raicrostructures 

Aluminium High Tensile Strength Brasses 

These high strength brasses liave been referred to previously, in 
regard to their good corrosion resistance projierties As cast the tensile 
strengths are high, but ^%ith small elongations. 

The aluminium content does not exceed 4 per cent and since the 
equivalent value of aluminium is high the copper content must also be 
kept up ; thus, the best results are obtained with about 60 per cent of 
copper. 
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The effect of increasing proportions of aluminium on chill cast 
brasses of the 60/40 composition is shown in Table 49.* 


TABLE 49 

Effect of Aluminium on Chill Cast Brasses 


Composition 

Yield 
Point 
Tons 
per 
sq. in. 

Max. 
Stress 
Tons 
per 
sq. in. 

Elonga 

tion 

per 

cent on 

2 in. 

Reduc- 
tion of 
Area 
per 
cent 

Brinell 

Hard- 

ness 

Copper 

per 

cent 

Zinc 

per 

cent 

Alumi- 

nium 

per 

cent 

58*96 

41*04 

Nil 

8 8 

24 9 

45*0 1 

49 7 

90 

59-48 

39*52 

1 00 

14 8 

32 0 

30 0 

33 5 

114 

58*35 

40*11 

1*54 

164 

35 2 

17*0 

18*5 

129 

58*26 

39*56 

2 18 

i 

16 0 

36 4 

16 0 

21 5 

138 

59*85 

37*13 

3 02 

22 .3 

1 42 0 

1 

18 5 

21 5 ' 
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From these results it will lie observed that the tensile strength and 
hardness increase with the aluminium content up to the maximum 
amount tested, namely, 302 jicr cent. Tiie elongation diminishes 
quickly at first but remains fairlv steady for 2 to 3 per cent aluminium 
content. 

Some further results for high tensile aluminium brasse.s of higher 
aluminium content are given in Table 50. f 

TABLE 50 

Mechanical Properties of Typical High Tensile Aluminium 

Brasses 


Condi- 

tion 

Copper 
per cent 

i 

1 1 

Zinc 
per cent 

Aluijii 
mum 
pel < ent | 

Iron 

; ptr nt 

1 

Mckel 
per cent 

1 

1 

\ icl«l 

1 Point 
Tons per 
1 8(| in 

1 Tensile 1 

1 Strengtii, 
ions per! 

1 <*«l in 1 

! Pdneil 
Im Hardness 
ncr? nt' 

ptr ((ut 

Cast \ 
Forged/ 
Cast 

58 85 

60 0 

i 

38 Oo 

31 45 

3 10 

4 10 

, 145 


20 .5 

18 0 

! 

.tH ft 
i 43 0 

1 «•> 1 

t 

1 


The aluminium brasses have a bright yellow colour apd are all 
strongly resistant to corrosion, but cannot readily l>e soldered. A still 

* Amer. Inet Min. Met. Eng., O. Smalley, 1926, 73, 799. 
t “Copper and Its Alloyfl,” F. A. Fox, Machinery, 19th May, 1938. 
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further improvement in the corrosion resisting qualities is effected by 
the addition of about 2 to 3 per cent of nickel ; certain types of marine 
propellers are made of such alloys. 

Manganese Bronze 

This term is a misnomer as it is the name given to a 60/40 brass 
containing small additions of manganese, and tin or aluminium for 
hardening and strengthening purposes. The manganese content is 
about 1 per rent, although low manganese high tensile brasses con- 
taining up to 0-05 per cent manganese have higher mechanical properties 
than those without this element. When both aluminium and man- 
ganese are present in equal but small proportions, tensile strengths of 
30 tons j)er sq. in. are obtained in the cast condition. 

A tyf)ical manganese bronze used for castings to replace certain 
steel and malleable iron forgings, water pump rotors and marine 
propellers has the following percentage composition: Cu, 56-0; Zn, 
41*5, Mn, 0*25, Fe, 10, Sn, 10: Al, 0-25. 

In the sand-ciist state this alloy has a yield point and tensile strength 
of 17 and 34 tons ])er aq. in respectively, with 28 per cent elongation. 
The limit of proportionality is 11 tons pcT sq. in. and Brinell hardness 
140. A typical manganese bronze of the extrusion and hot-rolled kind 
has a tensile strength of about 35 tons per sq. in. with 22 per cent 
elongation and 0-15 per (*ent proof stress of 17 tons per sq. in. 

The manganese bronzes can be readily extruded and hot stamped. 
They arc employetl in automobile work for gear-box selector forks, 
various bushes, control gear pinions, high tensile cylinder and exhaust 
joint nuts, puiu]) casings, etc. These alloys have also been used for 
locomotive and truck axle-boxes. 

Standard High Tensile Strength Brasses 

A numlx'r of high strength brasses for castings and in the bar and 
section form are included in the British Standard Specifications. 

The B.S.S. No. 208 refers to high tensile brass castings and includes 
five classes specified to give minimum tensile strengths of 28 to 45 tons 
per sq. in. with corresponding proof stresses of 12 to 25 tons per sq. in. 
and minimum elongations of 25 down to 12 per cent. Higher values 
are possible from certain commercial high tensile brasses when in the 
hoi- worked condition, and cold-working will increase the tensile 
strengths still further, but with a loss of ductility. 

In regard to the resistance of these brasses Izod impact 

values of 20 to 30 ft./lb. are obtained from the extruded forms. 

The B.S.S. No. 250 relates to high tensile brass bars and sections 
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containing 54 to 62 per cent copper and the remainder (with the 
exception of alloying elements up to 5 per cent) zinc. Two grades 
are specified, namely, (1) Grade A, with a minimum tensile strength 
of 30 tons per sq. in. ; 0*15 per cent proof stress of 16 tons per sq. in., 
and 26 per cent (minimum) elongation ; and (2) Grade B, with corre- 
sponding values of 36 and 18 tons per sq. in. and 20 per cent 
respectively. 

Temper-haidening Brasses 

4 more recent group of brasses now available commercially pos- 
sesses the property of being strengthened by suitable heat-treatment 
processes in a somewhat similar mamuT to duralumin This hardening 
property is due to the combined presenet* of nickel and aluminium 
or other elements in given proportions. 

A typical temper-hardening brass has the following jjereentage 
composition: Cu, 72; Ni, 6*0, Al, 1*6: Zn, 20*5. In the soft condition, 
which is obtained by quenching from 850® C., the metal has a tensile 
strength of 23 tons per sq. in., proof stress of 5 tons per sq. in., and 
elongation of 60 per cent. 

When heat-treated at 500® C. the (‘orresponding values are 36, 22 
and 30 respectively. If, how^ever, the alloy is heat-treated after cold 
work the values of the tensile strength and proof stress are increased 
to 48 and 45 per cent respectively, and the elongation reduced to 
11 per cent. 

Strength ol Copper Alloys at Elevated Temperatures 

The alpha brasses with their higher copper content ])Ossess better 
strength properties at elevated temperatures than the alpha-beta and 
beta brasses, and they have also better creep characteristics at higher 
temperatures. Some experimental results* are given in Table 51 for 
two ty^ies of brass, namely, the 60/40 and 70/30 and it will be observed 
from these values that the higher copp(T content brass is much stronger 
and more ductile at 427® C. than the lower content one. 

In regard to the creep resistance of the alpha and alpha- beta 
brasses, the inferiority of the alpha-beta alk)y8 at high temperatures 
is illustrated by the values given in Table 52 due to C. L. Clark and 
A. E. White. 

The strengths at elevated temperatures of other aUoys of copper, 
including special brasses, bronzes and other alloys, vary considerably 
according to their compositions and condition, i.e. whether cast, 
wrought, annealed, etc. In general the strongest bronzes at elevated 

♦CL. Clark and A. K White, Amer, Soc, Mecfi. Eng., 1930 and 1932« 
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TABLE 61 

Strengths of Brasses at Elevated Temperatures 

~n 

Temperature 




400° F. 

600° F. 

800° F. 

Material and Properties 






1 24° C. 

205° C. 

315“ C. 

427° C. 

70 : 30 Brass (cold drawn — 26 per cent 





reduction) — 





Limit of proportionality, tons per 





sq. in. 

10 3 

5-8 

30 

l“8 

Tensile strengtli, tons per sq in 

31-3 

29-3 

23*0 

9-4 

Elongation, per cent on 2 in 

24 3 

120 1 

4*5 

260 

Reduction of area, per oent 

61 5 

28-5 

90 

230 

60 40 Brass (hot rolled) - 

1 




Limit of proportionality, tons per 

1 




sq. in. 

1 4 0 

2 5 

0 67 

0-22 

Tensile strength, tons per sq in 

' 24 7 

21-2 

11-4 

39 

Elongation, per cent on 2 m 

51 0 

50 5 

40 0 

18-0 

Reduction of area, per cent 

*57 2 

57 9 

37-5 

25'6 

1 


TABLE 52 

('keep (’haracteristk’s of Commercial Brasses at 
Elevated Temperatures 


Tomperatiiro 


Strobs (Toub per sq in ) to Produce 
DcMgiiated Rate of Creep 


Material 

l>f*g 

Fahr 

Deg 

ClMll 

1 

No 

Mi'asui - 
able 
Flow 

Rato of I 
Creep, 

0 01 p(’r 1 
cent Flow 
pi r 1000 j 
Ilouis 1 

Rate of 
Creep, 
0-10 per 
oent Flow 
per 1000 
Hours 

Rate of 
Creep, 

1 00 per 
cent Flow 
per 1000 
Hours 

85Cul6Zn 

400 

205 

3 3 

3 9 

5 4 

76 


600 

315 

1 (a) 

1 0 45 

1 2 

30 

77 Cu 22 Zn 1 Sn 

400 

205 

33 

1 4 7 

5 8 

7-4 


600 

315 

(a) 

0 54 

1 1 

2*4 

70 Cu 30 Zn 

400 

205 

4-5 

I 57 

80 

120 


600 

315 

(a) 

0 13 

0 38 

0*96 

70 Cu 20 Zn 1 Sn 

400 

205 

4-5 

5 8 

8-5 

120 


600 

315 

(a) 

0 45 

0-87 i 

D7 

60 Cu 40 Zn 

300 

150 

33 

40 

5*4 

7*6 


400 

205 1 

(a) 

09 

21 

6*1 

59Cu40Zn 1 Su 

300 i 

150 

45 

5 4 

67 

9*6 


400 

205 i 

(a) 

1-6 

2-5 

4*2 


(a) Known to be very small and believed to approach zero. 
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t/^itiperaturcB are the nickel, chromium, and aluminium bronzes ; these 
are considerably strongcT than the brasses. The other copper alloys 
most suitable for elevated temperature service appear to be those 
containing small proportions of tin, nickel, aluminium and manganese. 

The copper- n ich I -fiili con alloys having 0*75 io 2*0 per cent silicon 
and 0*5 per cent sili(‘on — of which Kuprodvr is a well-known example 
that is used for locomotive fire-boxes — arc also suitable for use at 
elevated temperatui*es. These alloys pr)Hsess precipitation hardening 
])roperties, but are inclined to be brittle with higher nickel content 
than 1 per cent. In regard to the bronzes, whilst the plain copper-tin 
ones give good service for such purp('se as boiler mountings, the nickel 
bronzes are stronger, whilst the chromium bronzes are suj)erior in 
strength proj)ertics at elc'vatcd to:nperatures. 

For special applications where maximum strength and corrosion 
resistance are rc(jiiired the high nickel -copper and nick(d-copper4in 
alloys possess a bout the grcat(‘st strengt hs for tem]>cratures of 300° C. to 
500° f\ Table 53* gives ])articiilar.s of a numl)er of copper-base alloys 
and their tensile strengths and elongations over the 3(M)° C to 500'^ C. 
tcin]>eraturc range. 

Some further information on the subject of high temperature 
properties of copjx^r alloys is given in tlie graphs showm in Fig. 95, 
on page 200. 

The Bronzes 

The term “bronze" is normally applied to the alloys of copper and 
tin, but more generally, with the addition of other elements such as 
zinc, nickel, phosphorus, aluminium, lead, etc., other alloys are now* 
included. Typical instances of thest* are phos])hor bronze, gunmetal, 
lead-bronze, plast ic-bronze, nickel -bronze. 

The cop]x*r-tin alloys usually contain from 5 to 20 j)er c‘ent of tin, 
although most of the useful (*ominer(*ia 1 bearing alloys contain from 
10 to 12 jM*r c(‘nt of tin : oth{*r cast gunmetals have from 5 to 10 |X'r 
cent of tin. 

The aj)})roximate (equilibrium diatrram for the cop|XT-ri(*h alloys 
of cop}KT and tin is shown in Fig. 78,1 from which it will be setm that 
the alpha solid solution range is from 0 to 16 ]kt cent tin content. 
For greater tin cont(‘nts there is a eutectoid transformation with an 
iiJphi-deUa (‘utectoid. The equilibrium conditions appear difficult to 
establish in the bronzes due to occurrence' of unstable phases and 

* “Copper Alloys m H. J MilU‘r, The Metal hnluMry, 1 1th 

8th, and 2r)th Novmnbor, 1938, 

t “Coppor and Its Alloys/' F, A. Fox, Machinery^ 19th May, 1938. 
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reluctance in diffusion. One result of these difficulties is a variation 
in the mechanical properties as affected by casting conditions. The 



Fio 78 PJQUiLiRRir’Vf Diagram for Copri’r huh Fopper-tiv \llovs 



Fig 79 Structure of Copper-tin Br-viuno Brovze, showivo 
Dlplex Str\"<ti re 

Th( softtr aljihi aroas appe.ir white ami tin liardtr delta anas dark 
(( 1) A ) 

alloys containing up to about 7 j)er cent of tin resemble in their pro- 
perties the alpha brasses, but are harder; they ]K)S8ess good cold- 
working properties and (‘orrosion resistance. 

In regard to the structure of copper-rich alloys of copper and tin, 
although variations in the melting and casting conditions cause modi- 
fications, in general these alloys reveal a duplex structure similar to 
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that shown in Fig. 79. This consists of a hard tin-copper constituent, 
namely, the delta, in a softer alpha matrix. When the percentage of tin 
is increased above 7 per cen^} the amount of the harder constituent 
increases progressively and the strength and hardness also increase. 
Above about 12 per cent tin content the delta content produces great 
hardness, but with increased brittleness, so that a limit of usefulness 
for most commer(‘ial purposes is reached at about 15 per cent tin 
content, although for special applications as much as 20 per cent of 
tin is employed. 

Thus the 15 per cent tin bronze is used f )r locomotive slide valves, 
as it possesses great hardness and wear resistance 

With the addition of small amounts of iron, (‘liromium or vanadium, 
however, the tin content can be raised, whilst with 0*25 to 5 0 per 
cent of manganese, tin amounts up to 20 pcT cent can be employed 
in making hot -working bronzes. 

The bronzes containing up to about 10 per cent tin can be produced 
in the form of cold -drawn hkI or tube. As work-hardened in this 
manner, after annealing, the bronzes have a homogeneous structure 
consisting only of tlie alpha constituent Such bronzes are suitable for 
medium -duty In^arings and bushes. 

In general the cotiiier-tin bronzes have poor hot-w'orking properties 
and it is usual to limit the tin content to about 3 per cent for hot- 
w'orking. 

Effects of Other Elements in Copper-tin Bronzes 

It is now customary to add small percentages of other elements to 
copjxT-tin bronzes in ordtT to improve their properties. The principal 
elements employed for this purpose are ]diosphoru8, lead, zinc and 
ni(*kel ; the effects of these elements are briefly as follow^s — 

Phosphorus This acts as a deoxidizer and improves the casting 
qualities. When present up to 0*1 |x*r cent the hard tii-cxide which Ls 
liable to occur in plain copper-tin broir/e and is the cause of hardness 
and scoring in service is removed , the crystal structure and wearing 
properties are thereby improved. From 0 I to 0*5 ]ier cent of phos- 
phorus above that needed for <leoxidization introduces a very hard 
i‘opper-phosphide compound which increases the hardness but tends 
to make it more brittle. 

Lead. Lead does not (‘liter into the cop[x‘r and remains as a separate 
constituent in the form of microscopic globules distributed through 
the bronze and improt^es its plasticity, so that these bronzes ea,n com- 
pensate to some extent for small inacciu'acies of alignment in bearings. 
A further advantage is that such leach'd bronzes can be used for 
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bearings of unhardened steel shafting and in the event of temporary 
failure of oil supply are not so liable to seize as ordinary bronze bearings. 
From 1 to 2 per cent of lead improves the macMrmbility . Lead in 
amounts of 5 per cent and upwards reduces the dry coefficient of 
friction ; up to 12 per cent it improves the plasticity but reduces the 
toughness. Reference to the leaded bronzes with more than 20 per 
cent lead is made later. 

Zinc, This metal acta as a deoxidizer, and is often used instead of 
phosphorus for the purpose. The copper-tin bronzes (containing up to 
6 per cent of zinc are known as gunmetals. 

Nickel, The effect of addition of nickel up to 2 to 3 i)er cent on 
copper-tin bronzes is to give an increase in tensile strength and tough- 
ness and to refine the crystal structure. In the case of leaded bronzes 
it has been claimed that the distribution of the lead particles is 
improved. The results of a comprehensive series of tests by N. B. 
Pilling and T. E. Kihlgren* upon various bronzes showed that in the 
case of a gear bronze containing approximately H7 })er cent C'u, 11 per 
cent Sn, and 2 per (‘ent Ni, the limit of ])roportionality in tension and 
compression was increased b> 25 per ('ent as compared with the nickel - 
free base alloy. The yield point was also incn'ased by 15 per cent. 
No loss of ductility occurred with nickel up to 3 })er cent. 

In the case of a high lead bronze of the following percentage com- 
position, namely, Cn, 70; Sn, 7, Zn, 1*0, Pb, 21 ; Ni, 10. the limit 
of proportionality was increased by 50 per cent and the yield point 
by 20 per cent by the 1-0 per cent nickel addition to the basic alloy. 

The addition of nickel gives a slight increase in the melting point, 
namely, of 6*6° C per 1 per cent nickel when it re})laces co})j)er and 
18° C. when the nickel rej)laces tin. It is also (*laimed to deiu^ify the 
metal and minimize the tendency towards inci})ient shrinkage cracks 
in certain bronzes. Further information on this subject will be found 
under the heading of “Nickel Bronzes." 

Guzunotals 

These are alloys of copper, tin and zinc, with the latter element in 
small proportions up to 6 per cent (maximum). Usually, however, the 
percentage of zinc is limited to 2*6 owing to the tendency towards 
brittleness wdth greater proportions. 

The zinc, as stated j)reviously, improves the casting projierties and 
enables sounder castings to be produced. It is also a much cheaper 
metal than tin so that its use enables an economy to be effected. A 
tj^ical composition is that of Admiralty gunraetal having the follow ing 
* Nickel Bronzes, Bureau of Information on Ni<*kol. 
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percentages of elements: Gu, 88; Sn, 10; Zn, 2. The average mech- 
anical properties for the sand cast metal are as follows: Tensile 
strength, 17 tons per sq. in.; elongation, 200 per cent on 2in, ; 
Brineil hardness, 65. 

In general rather better strength properties are obtained from sand 
cast than from chill cast gun metal and although annealing is not 
usually recommended it improves the properties in some cases. In 
this connection the results of some tests* are given in Table 54. 

TABLE 54 

Mechanical Properties of Gunmetal 


Condition 


Dry sand cast, slow Kohditicatioii. slov 
cooling ..... 

Dry sand cast. hllbMcquontl^ aniK^aicd foi 
i hour at 700 i\ ... 

Chill cast, rapid solidification, rapid cooling 
Chill cast, subsequently aiuu*alcd for J hour 
at 700 (\ . 


Yield 
Point 
Tons per 
sq in. 

Tensile 

Sf rongth 
Tons per 
sq. in. 

1 

Elonga- 

tion 

per cent 

1 

17-2 

240 

, 10 r> 

180 

37-5 

' 8 -.> 

l.>0 

40 

» 



, 1 1 r, 

200 

300 


Gunmetals arc used for less cx|x*nsive sand castings than the alloy 
bronzes where harder and better wearing qualities are required than 
for brass parts. Ty])ical ajiplications include gear-wheels, pump 
casings, bearings, bushings, and marine fittings. 

Phosphor Bronze 

The phosphor bronzes are copper-tin alloys having 0*1 to 1*5 per 
cent of phos})horus, the latter element Ix^ing included not only for the 
purpose of deoxidizing but also to improve the structure and general 
strength projierties of the metal. 

The copper-tin alloys employed contain from 5 to 20 per cent of 
tin, 0-1 to 1*5 per cent of phosphorus and the rest copper. The phos- 
phorus, as stated previously, results in the formation of the very hard 
copper -phosphide constituent (CujP) , this improves the hardness and 
wear resistance. 

The cold- workable phosphor bronzes contain from 0*1 to 0*4 per 
cent of phosphorus and a maximum of about 7 per cent of tin. Such 

* Antf, page 163, note (lower reference). 




of section, whilst the elongation decreases considerably Some results 
of tests made upon phosphor bronze of 6 per tent tin cont-eiit, which 
was subjected to progressive cold \^orking by rolling and drawing 
through dies, are given in Fig 80. It a\i 11 be observed that the tensile 
strength and elongation for the original metal were 24 tons jier sq. in 
and 63 per cent respectively. When rolled as strij) with 75 per cent 
reduction the tensile strength was increased to 63 tons fier sq. in with 
about 3 per cent elongation , when drawn as wire with the same per- 
centage reduction the tensile strength was increased to 64 tons |>er 
sq. in. with about 3 per cent elongation. 

There are two grades* of phosphor bronze used for wire making, 
* British Standard Sperification No ^184 
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namely, the Low Tin Bronze (Grade A) containing from 3*6 to 6*0 
per cent tin and the High Tin Bronze (Grade B) having from 4*5 to 
7*0 per cent tin. 

The minimum mechanical properties of wires made from these 
bronzes are given in Table 65, based upon B.S.S. No. 384. 

TABLE 65 

Mechanical Properties of Phosphor Bronze Wires 


Nominal Diameter 
of Wire (inch) 

Grade 

Minimum 
Proportion- 
ality Limit 
Tons per 
sq m. 

Minimum I 
Tensile 

1 Strength 

I Tons per 
sq. m. 

Minimum 
Elongation 
per cent 
on 8 in. 

0*032 up to 0*064 . 

Ijow t in 

20 

56 

0*50 


High tin 

22 1 

62 

0 50 

Above 0*064 up to 0*104 

Low tin { 

20 

.56 

0 75 


High tin 

22 

62 

0*75 

Above 0*104 up to 0*160 

Low tin 

17 

54 

0*75 


High tin 

22 

62 

0*75 


The modvlus of elasticity value is about 18 X 10® lb. per sq. in. 
and the modulus of rigidity 6*6 X 10® lb. per sq. in. 

In connection ^vith the use of phosphor bronze wire for springs 
the torsional stress value above which permanent set may occur is 
46,000 lb. per sq. in. Using these values in the case of hehcal coil 
springs (close-coiled) in the following general formulae, viz. — 


/ = 




6PDhi 

^Cd^ 

8 ^ 

Trd® 


where f = total deflection (inches) , n — number of coils , P == 
applied load (lb.) ; D — mean diameter of coils (inches) ; C = modulus 
of rigidity; d =-= diameter of wire (inches), and S = torsional stress 
(lb. per sq. in.), we obtain — 

, 002176Z)2 


and Safe Load (lb.) 


17680d® 


D 


^ K 


where K — factor of safety. 


Higher Tin Co^UefU Phosphor Bronzes, When the tin content is 
increased to 9 to 13 per cent, with 0*5 to 1-6 per cent phosphorus, the 
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alloys, on account of the greater j>ercentage of co|)[)er phosphide, are 
very hard and possess excellent wear resistance. Moreover, they have 
also a low coefficient of friction and are therefore very suitable for use 
as bearings and for gear wheels. Bronzes with a lower tin and phosphorus 
content are used for steam and hydraulic valves and seatings. The 
phosphor bronzes, on ac(‘ount of their non-spdrking properties when 
struck with other metals, are useful for tools that have to be used in 

the vicinity of explosive gases, 
vapours, etc. 

Phosphor bronzes with 9 to 1 2 
per cent tin and ()'4 to 0*5 per cent 
phosphorus are suitable for cast- 
ings of gudgeon })in and similar 
bushes, bearings, valve guides, 
worm wheels (for automobile final 
drives and general engineering 
purposes). Phosphor bronzes of 
5 to 7 per (‘ent tin conttuit possess 
very good resistance to sea-w^ater 
corrosion and are used for marine 
fittings . they have also given 
good results for steam turbine 
blading. 

Aluminium Bronze 

The beneficial etfects of alurnin- 
lufii in the case of high tensile 
brasses containing u[) to 4 per 
cent aluminium ha\(^ already been noted, its intiuence upon the 
mechanical and ])hy.sical properties of copper, with the addition of ap- 
preciable (piantities of other elements, e.g. iron, nickel, and manganese, 
but in higher percentages, up to about 14, will now' be considered. 

Actually, these so-called “bronzes” contain no tin, the principal 
alloying elements being copjaT and aluminium. 

The equilibrium diagram for copptT-ahiminium alloys of the 
copper-rich range is given in Fig. SI. It shows an alpha solution up 
to 9*8 |X‘r cent aluminium, In^vond which a bcUi [ihase of an unstable 
nature occurs in the hot alloy; this breaks down at 570° C. into a 
mixture of alpha phase and a (blla phase. The alplui-delUi eutectoid 
whilst being hard also tends to be brittle; for this reason it is usual in 
commercial alloys to limit the aluminium content to a maximum of 
10 to 11 per cent. 



Alummium Content -per cent 
Pig. si. Kqi nasun m oi 

CoPPIJR-ALX'MlMl M ALJ.O^ S 
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(y(nnni(*roiaI aluminium bronzes (jan be arranged into two groups, 
namely (I) those eontaining 4 to 7 jier cent aluminium of the cdphu 
phase homogen<H)us structure class, and (2) those containing about 8 
up to 14 jKT cent aluminium, having a duplex structure , these bronzes 
include also additions of iron, manganese, nic»kel, and other elements 
in considerable* amounts. 

Allmjs of the former group possess good ductility and can be worked 
b(3th hot and cold and are thus obtainable in the form of sheet, strip, 
tubes and wire for a wide range of aj)plications They are not, however, 
noted for high strength pro|K‘rties, bedng little superior to the alpha 
brasses, but their corrosion resistance is much better, so that they are 
more suitable for components exposed to severe corrosion conditions. 

Alloys of the second group in which the beta constituent is present 
in appreciable* quantities are much harder but less ductile at ordinary 
temperatures, so that they can Ix^ cold-worked only to limited extents 
depending on the amount of fnia phase. On the other hand, since the 
beta const it u(*nt is r(*lativcly soft at high temj)eratures these alloys are 
more easily hot worked by forging, stamping, rolling and extruding. 
The 8*5 to 1 1 p(*r cent aluminium bronzes are therefore of considerable 
commercial importance in hot -worked shapes. 

Physical Properties of Aluminium Bronzes 

The s]x*cific gravity vari(*s with the aluminium content from 8*8 
for 1 per cent of the latf(*r, down to 744 for 11 per cent. 

The thermal ex})ansion ]K»r C of bronze of 10 |x*r cent aluminium 
CKintent is 0*<K)(K>17 over a temperature range ot 20 C to 100^ C. and 
0 (KH)018 over a range of 20 (\ to 250 V 

The thermal conductivity in (\G.S. units, from 20 V to 200° C., is 
0-IS. The electrical condu(‘tivity is usually taken as lieing about 
12 per cent of that of high conductivity co}>p€*r. but the conductivity 
is decreaseMl b\ additions of iron and nickel. 

The commercial aluminium bronzes arc jiractically non-magnetic, 
but certain coinjilex bronzes <*ontaining a])preciable proportions of iron 
are slightly magnetic. 

Mechanical Properties 

In regard to the mechanical pro|)erties of the copper-aluminium 
alloys, the general manner in wdiich the tensile strength and elongation 
of the alloys in question vary w ith aluminium content, based upon the 
results of Carjienter and Edwards,* is showm for both cast and hot- 
rolled alloys in Fig. 82.t 

* f*ror Inst Mech. Kngrs.^ 1907, 57 
t Alumintinn Pinnze, C.D.A. ruhlication, 1939. 



172 


BNGINBERIKG MATEBIALS 


The tensile •'trength and ductility both increase with the aluminium 
content up to about 7 to 7*6 per cent. The maximum ductility occurs 
for the cast metal over a range of 5 to 7 per cent aluminium, with the 
high value of about 70 per cent elongation. The hot-rolled metal has 



I ] 3 4 S * 7 • • IP II n 

PI* CINT ALUHINIUH 


Fig. 82 Gfntsrai. Mfchavical Properties or Cast vnd Wrought 
Copper aluminhim Alloys 
{C D A) 

a higher elongation, namely, 75 per cent over the wider range of 4 to 
7 per cent aluminium 

The maximum tensile strengths for the hot -rolled and sand cast 
alloys occur at 10 per cent aluminium, the \aluca being about 38 and 
32 tons per sq in respectively, the corresponding elongations are 
26 and 20 per cent respect i\el> 

The effect of chill casting in increasing the maximum tensile strength 
is shown by the tensile strength curve, which approaches closely to that 
for the hot-rolled specimen 

The modvlua of elasticity for the range of commercial aluminium 
bronzes is 17*5 to 19*0 x 10* lb. per sq. in 
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Th(* Izod impact strength in the alpha range bronzes is from 50 to 
65 ft. -lb. This range of strength values applies to both the annealed 
and work-hardened conditions 

Strength at Elevated Temperatures 

The aluminium bronzes have good strength properties at temper- 
atures up to 450^ to 550° C. The results of tests made by Rosenhain 
and Lantsbury* are summarized in Table 56, and these show that 
in the case of the 90*06 Cu, 9*9 A1 bronze a tensile strength of 9*1 tons 
per sq in with 10 per cent elongation was obtained at 550° C 

In regard to creep properties these are considered to be about the 
best of any of the well-known copper alloys, especially those used for 
castings , they are not so good, however, as certain complex alloys, 
such as the 80 Cu, 5 Al, 5 Ni, 5 Fe alloy. 

TABLE 56 

Properties of Aluminium Bronzes at Elevated 
Temperatures 


1 

1 



Alloy Composition 



Temperature | 
of Test 

93 23 Cu, 6 73 Al 

90 06 Cu, 9 9 Al 

H9 1 Cu. 9 9 Al, 

1 0 Mil 

CC) 

Tensile 

1 Strength 
TonH per 

1 Bq in 

Elonga- j 
tion on 

2 in 

Tensile 
Strength 
Tons per 
sq in 

P^longa- 
tion on 

2 in 

1 ensile 
Strength 
Tons per 

1 sq in 

Elonga- 
tion on 

2 m 

If) 

1 28 8 

71 

1 38 I ' 

' 29 

41 7 

' » 

200 

1 

— 

36 4 

36 

39 6 

36 

300 

1 20 7 

25 

1 33 4 

32 

36 4 

! 

400 

17 0 

10 

, 24 0 

1 

' 22 7 

' 57 

450 

13 3 

10 

22 3 

1 31 

17 3 

1 SI 

500 

10 9 

14 

12 1 

66 



5‘>0 


1 

1 

9 1 

1 

1 


1 


Tlie alpha bronzes, which are used almost entirely for fabricated 
forms, contain up to about 7 5 per cent of aluminium, sometimes w-ith 
the addition of nickel up to 4 per cent, and these can be cold- worked 
to a considerable extent, their mechanical properties are improved 
to a marked degree by cold-working. In regard to the effect of cold- 
working upon the tensile strength and elongation of 5 per cent 
aluminium bronze strip the tensile strength is increased from about 

• Proc, Inst* Mech* Engrs*, 1910, 119. 
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25*5 to 54*5 toiKs })er sq. in. for an 80 pc^r cent reduction in thickness 
by (*old rolling, ^\llilst over the same range of cold-working the liardness 
is increased from about 70 to 205 Brinell The accompanying loss of 
ductility is indicated by the drop in elongation from about 71 to 
4 per cent 

The alpha aluminium bronzis are annealed at somewhat higher 
temperatures than for alpha brasses and tin bronzes. It is necessary 



to heat them to at least 1)50 C for complete softening, quenching in 
place of slow cooling appears to have no effect on the mechanical 
properties except in the case of alloys with more than 7*5 |)er cent 
aluminium, where there is an increasi' in hardness due to the retention 
of some of the hi la phasf The gram size may be (‘ontrolksl b\ anneal- 
ing, w'hilst the effect of cold rolling or drawing results in the deform- 
ation of the annealed structure causing an elongation of the individual 
crystals in the direction of working. These results are illustrated in 
the photomicrograjihs reproduced* in Figs. 83 and 84, for the 91 C^i, 
9 A1 alloy in the extruded longitudinal and extruded transverse sections 
respectively, 


* I.G I. (M^taifl) te8t rcgultH. 
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The hoUworklng aluminium bronzes have aluminium contents of 
8*6 to 11 per cent and are all of the duplex type of structure. These 
bronzes usually contain, in addition, iron, nickel, manganese and lead, 
according to the purpose for which they are required 

The compositions and tensile strength properties of some typical 
hot-working aluminium bronzes are given in Table No 67.* 

TABLE 57 

Typical Alcminicm Bronzls hoH Hot-wokkinc, Pcrposes 

(^imposition, por cent 


Spoc ifif at ions and General 


Copper 

Alu- 

1 r<jn 

Nickel ' 

Man- 

Lead 

CoTinnents 

ininiiirn 

gaiH'st 

UI 

!l S 8 > 

t 


1 


('onfonris to GTD 160 




1 

1 

1 


1 

i 

Usii.ilh {iossesses a tensile 
strength of 37 tons sq in 

Ml 

M 7 


1 0 


1 

Conforms to DTI) 135. 


SO 5 


1 7 

1 

! 

Ten^ili strength oveeeds 
40 tons sq in 

8(i 

<> 1(1 

0 7 1 

1 0 



Conforms to DTD 164. 


I 

1 

' 1 

1 

2 7 1 

1 

] 

1 

1 



1 su ilh possesses a tensile 
sirtngth cxieeding 40 tons/ 
sq in (38 tons sq m. 
minimum) 

80 

s 12 ' 

4 0 

4 t> 

1 1 


(’onfonn-. to DTD 197. 


1 

! 

1 

i 


' 1 


Teiisih strcngtli u^ualU ex- 
roods 70 tr»ns sq m (45 
tons sq in miiiimiim) 

88 

0 

2 3 


1 

I 

1 

1 

1 

1 Vllovs \\uhl\ uso<l for ex- 
trudorl and fnrgotl rods. 

88 

9 10 


t 

1 

1 

hai-» « to Ttnsilo strength 
IS 32 tons sq in upwards. 

85 

9 10 ‘ 

2-4 

1 

i 

1 2 

1 

i 

depending laigely on alu- 
minium toutent and struc- 

90 

9 5 


i 



tural condition Generally 


10 5 

i 

1 

i 

1 

1 

oiil\ those alloys with an 
axeiage aluniimum coiCeiit 

88 

9 5 


2 

— 


' of 10 per txmt are accorded 


10 5 



1 

j 

1 heat-tnatment operations. 

83 

10-11 

.7 

1 

i I 

! 

1 

87 

9-^10 

1 

1 .7 

1 - 
1 __ 

L' ■' . 

1 For frtM» cutting purjwses. 


CJoppor Devolopinont Association 



176 


ESOlNEmiNG MATERIALS 


The efiFect of cold- working in the case of the 10 per cent aluminium 
alloy is illustrated by the results of tests made on cold-drawn rod having 
an initial tensile strength of 36 tons per sq. in., with 30 per cent 
reduction of area, 19 per cent elongation, and a Brinell hardness of 
about 130. When reduced by cold drawing by 20 per cent in area the 
corre.sponding values were 49 tons per sq. in. ; 10 per cent ; 5’5 per 
cent and 186 respectively. 

The constitution and structure of the alloys having more than 
7*5 i)er cent of aluminium are capable of modification by heat-treatmevt 
— as shown by the equilibrium diagram given in Fig. 81 . Quenching 
from a high temperature results in the retention of an excess amount 
of the beta phase which may then be transformed by heat -treatment 
at lower temperatures into the alpha and delta constituents. The 
equilibrium diagram mentioned also shows that the delta phase is 
stable below' 570° C. only in the case of alloys having more than about 
10 per cent of aluminium, so that alloys with 7-5 to 10 j)er cent of 
aluminium tend to become more homogeneous on prolonged heating. 
The subject of microstructure as affected by heat-treatment is a some- 
w’hat (‘omplex one, and space considerations will not hen' permit a 
more detailed ac(*ount. For fuller information the r('ad(‘r is therefore 
referred to the lower footnote reference on page 1 7 1 

The general effect of heat -treatment upon the mechanical properties 
of the 90 Cu, 10 A1 type of aluminium bronze is shown by the results 
given in Table 58.* These refer to sjiecimens of 89*78 |>er cent cop])er 
and 9*96 per cent aluminium previously heated to 900° (\ and slowly 
cooled to the queiu'hing temix?rature 

Applications of Aluminium Bronzes 

The aluminium bronzes, on account of their good strength })ro- 
})erties at ordinary and elevated teni])eratures, combined with excellent 
corrosion resistance, have a wide ])otential range of commercial 
applicatiotis, although hitheito these bronzes have not been employed 
in this country to the same extent as in the United States and in France. 
With a more complete understanding of their excellent pro])erties and 
of the methods of casting and fabrication, however, their advantages 
are becoming better knowm and in recent times, thanks to the publicity 
given to these bronzes by the Copper Development A'^sociation in this 
country, they are now finding numerous applications. 

Among the use^ of aluminium bronze in general engineering, mention 
may be made of their employment for hard-wearing gears, thrust pads, 
die-cast ball and roller bearing caps, for under- water high strength 
♦ W. E. Atkins, W. Cartwright and T. Bolton & Sons, Ltd. 
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j&ttings (including use in sea-water), piston rods, pump rods, valves 
and valve spindles, inlet and exhaust valve seating insert rings for 
automobile and aircraft engines, worm wheels, turbine blading, shafts 
for high-speed mechanisms, sluice valves, rods and nuts, anchors for 
non-magnetic ships, die-cast brush holders for electrical machines, 
overhead wire suspension fittings for electric railways, high tensile 
acid-resisting bolts, nuts and sheathing for pickling equipment plant 
for resisting chemical attack by alkaline solutions and certain acids, 
products of chemical distillation, sea- water, etc. 

TABLE 58 

Effect of Heat-treatment on Mechanical Properties of 
Aluminium Bronze 


Heat-troatnient 

Limit of 
Propor- 
tionality 
Tons 

Pi oof 
Stress 
(0 1 per 
cent) 

Tensile 

Strength 

Tons 

Elonga- 
tion per 
cent on 

Brinell 

Hard- 


per sq. 
in 

Tons 
per sq 
in 

per sq 
in 

1 

2 in. 

ness 

Heated at 900 C and quenched | 
Heated at 900 C , slowly cooled 

6 4 

20 8 

1 

1 

43 4 i 

1 

4 

255 

to 850 r and ciuonched 
Heat<3d at 900 (' , slowU cooled 

5 6 1 

20 H 

39 2 

1 

3 5 

240 

to 800 C and quenched 
Heated at 900 C , slow Iv i ooled 

; 

t 

19 2 

1 38 3 

1 2 

216 

to 750® C and quenched 
Heated at 900 C , slo\\ h co<)le<l 

6 4 

1 13 5 

j 31 0 

1 b 

i 

179 

to 700‘ and queiu bed 

Heated at 900 (’ , s1o\n 1> coolcfi 

4 8 

11 4 

1 33 8 

1 ■ 

165 

to 650^ and queiu had 

Heated at 900 C , slow Iv c oole<l 

5 6 

9 6 

27 5 

1 

138 

to 600® C and f|uenched 
Heatwl at 900 , slowh cooled 

1 .3 0 

7 4 

27 4 

19 

123 

to 550 C and quenched 
Heated at 900 C , slow 1\ ( oolod 

1 - « 

b 6 

1 26 3 

( 29 

115 

to 500® C and (.juenched 
Heated at 900 C , slow ly cooled 

2 8 

8 8 

19 2 

1 

1 

136 

to 450° C and quon<*hod 

1 4 

8 3 

18 1 

j 4 

142 


In regard to their electncfil applications, they are employed chiefly 
on account of their high strengths and corrosion resistance, but owing 
to the fact that their conductivity is not high are not employed for 
conductors. Brush holders, high tensile messenger wires and cables, 
cable fittings, bolts and nuts are among the parts used for electrical 
purposes. 

A disadvantage of aluminium bronze is that it usually develops 
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surface films oi high electrical resistance when used for current carrying 
purposes , these films tend to give rise to high electricai resistance and 
render jointing a matter of difl[i(*ulty. 

Mention ma\' also be made of a series of aluminium bronzes for 
various purposes produced by tlic Manganese Bronze and Brass (\>. 
Ltd., under the name of ("roiorite bronzes. Apart from the general 
uses of aluminium bronzes previously mention(^<l, one irrade. known 
as Croiorite is used for marine pro|K^ller sladts and stern lubes. 
In the hard-rolled or drawn condition this bronze has a tensile strength 
of 36 to 38 tons jier sq. in. with 28 to 33 per (‘cnt elongation, 28 per 
cent reduction of area and a Brincll luiidness of 140. It has gexx! 
strength proper! i(\s at elevated tempeiatures, as shown by the r(‘sults 
given f(T tests on rolled bars in Table 50 

TABLE 50 

STRE^OTH OF CroTORITK V BhoNZE VT KlE\ATK1) TEMPKRATrRKS 


Tempo ratlin' 

C U03 111 

Sti Os H 

M iMtniim 

St It 

Klongation 

Hnnell 

reiitigrado 

'foils ^ er s(j. Ill 

'Foils pr*i s(j in 

on 2 in 

IlaidiK'ss 

2(r 

17(1 1 

0 1 

40 ' 

120 

327 

isr> , 

3.1 0 

30 

10» 

370 

14 

2."> 0 

(>0 

100 

4(50^ 

8 0 

12 0 

70 



Aluminium bronzes pofisfss a plea.sinf/ colour which, with their 
resistance to tiirmshing under mildly corrosixe intlmuicc^, }i«is led to 
their applic<itions for coins, medallion^, plaques, statues, ornamental 
grilles, fireplace surrounds, fittings and hearth furniture, both wrouglit 
and cast also for the metal parts of imitation jewellery and vault a 
sets 

The aluminium bronz<*s have also been used for heavy duty bearings 
and for worm nuts, on account of tlu‘ir strength and wear-resi.stance 
qualities. Tvjmal hard wearing afiplications also im hide rolling mill 
universal joint segnunts or spindle bearings, screw -down nuts of 
rolling mills — which may weigh up to .several hundred pounds (‘ach - 
gear wheels and pinions of various sizes, ranging from small gravity 
gears to centrifugally cast wheels for heavy reduction gears. 

Nickel Bronzes 

The nickel broiize.s may be conveniently groujxxl into iwo classes 
namely, tlie Lenv Nickel and High Nickel Broyizes. 
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The low nickel bronzes include (1) the copper-tin bronzes with 
additions of nickel up to about 1 per cent; (2) the copper-tin-zinc 
bronzes with nickel up to 8 per cent and manganese to 0-25 per cent ; 
(3) the nickel-aluminium bronzes; (4) the nickel-phosphor bronzes; 
(6) the lead-bearing bronzes with nickel up to about 2*5 per cent, 
and (6) the nickel-manganese bronzes with 2 to 3 j)er cent nickel and 
up to 2 per cent of manganese. 

The addition of nickel to bronze tends (o decolorize it in a similar 
manner to brass , to improve its corrosion resistance ; to give higher 
tensile strength and hardness, and in general to refine the grain* In 
the case of lead-bearing bronzes, nickel — as stated previously — 
promotes better distribution of the lead particles, preventing segrega- 
tion, or “lead-sweat’’, in this connection 1 to 1*5 per cent of nickel 
is usually employed. 

In general it has be*en found that the fluidity and casting quclities 
of many of the bronzes are improved by low^ nickel additions. Tn 
bronzes free from lead and in the presence of 0 25 manganese, higher 
nickel additions (up to about 8 per cent) make the bronzes susceptible 
to heat-treatment and impart physical properties of a high order. In 
this connection a nickel addition of over 4 per cent is generally required. 
The compositions of a number of typical low nickel bronzes suitable 
for high-duty service are given in Table 60,* whilst the corresponding 
mechanical properties and applications of these bronzes are shown in 
Table 61. 

TABLE 60 

Compositions of Typical Low Nickel Bronzes 




Rt^f. 

( 'oppCT 
per cent j 

Tin 

jier tout 

1 \i<*kel 

I per cent ; 

Lead 

[ per cent 

1 

Zin< 

jier cent j 

1 Phos- , 
phorus 
per cent 

Man- 
ganese 
per cent 

i 

A 

HK 2 r» 

lor. 

1 0 


i 

U 2,7 


R 

81-7 

12 U 

1 0 

5 0 

- 

0 30 

1 — 

C 

80 7 

10 0 

1 0 

8 0 


0 30 

— 

1) i 

7t> 7 

1(10 

1 0 

12 0 


0 30 

1 

E 

88-U 

r>-o I 

r> 0 


2 0 


1 

F 

88 0 

r»o 1 

50 

— 

1 75 


0-25 

G i 

83 0 

7 0 

8-0 { 

^ 1 

2 U 


0-25 

H 1 

83 0 

70 

8 0 

1 

1 

2 0 


0 2.') 


* “Properties of Nickel and NickeboontHiniiifi: Materials” (.Mend Nickel 
Co. Ltd ). 
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TABLE 61 

Mechanical Properties and Applications of Low Nickel 

Bronzes 



Mechanical Properties of Compo- 
sitions (Table 60) 


Com- 

position 

Ref. 

Yield 
Point 
Tons per 
sq. in. 

Maxi- 
mum 
Stress 
Tons per 
sq. in. 

Elonga- 
tion 
per cent 

Brmell 

Hard- 

ness 

Typical Applications 

A 

1 8—14 

14-22 

1 1 

8-30 1 

1 

70-85 

Sand cast phosphor bronze 
castings for general purjioses. 

B 

1 

10-14 

13-18 

1 4-10 1 

1 70-80 

Heavy-duty bearing bronze 
(i.e. for rolling mills). 

c 

10-12 

14-17 

6-12 1 

j 65-75 

General purpose lieanng bronze 
for semi hard shafts. 

D 

9-12 

14-17 

8-13 

65-75 

Bearing bronze for unhardened 

1 shafts. 

K 

1 

1 

21 

i 

34 

1 

75 

Sand-cast gunmetal castings. 
Valve bodies and fittings, etc 

F 

23 

33 

17 

136 

Sand oast nickel bronze heated 
1400*^ F. for 10 hours, water 
quonohod. Reheated 500 F. 
for 5 hours, water quenched. 
High-duty gunmetal cast 
mgs 

0 

14 

22 

14 

100 

Sand -cast gunmetal castings 

H 

26 

3.) 

1 

227 

1 

Sand -cast nickid bronze, heated 
1400 F for 2 hours, water 
quonthed Reheated 700^ F. 
foi 2 hours, water ipienched. 
Gunmetal castings foi resist- 
' mg wear 


The high nickel bronzes compnse the copper-tin alloys with 10 to 
70 per cent of nickel with the occasional addition of small amounts of 
other elements, such as iron, manganese, magnesium, and silicon. 
These alloys have the structures typical of bearing metals but 
superior corrosion-resisting properties. Such alloys are particularly 
suited to hydraulic components, such as the liearing faces of sluice 
valves and similar parts used in contact with sea -water and other 
waters containing corrosive elements The nickel bronzes of this class 
are considerably better in regard to corrosion resistance than gunmetal, 
or the phosphor, manganese and aluminium bronzes with no nickel 
content. A typical high nickel bronze used for valve facings has the 
following percentage compositions: Cu, 60, Ni, 30, Sn, 8, Fe, 2. 
The sand-cast metal has a tensile strength of 30 tons per sq. in. and 
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Brinell hardness of 240 ; the elongation, however, is so small as to be 
practically negligible. A group of high nickel bronzes has the following 
percentage composition limits : Ni, 16 to 60 ; Sn, 6 to 12 ; Zn, 1 to 2 ; 
Mn, 0-25; Mg, 0*1; Cu (the remainder). 

These bronzes have (sand-cast) tensile strengths of 26 to 32 tons 
per sq. in., and yield jx)int8 of 16 to 30 tons per sq. in. ; the higher 
values correspond with the higher nickel 
(jontent. The percentage elongations for 
alloys with nickel up to 30 per cent are 
from 10 to 3 per cent, whilst for higher 
nickel contents they range from 3 to J per 
cent . The Brinell hardnesses for alloys with 
nickel up to 30 per cent are 120 to 140 and 
for nickel from 30 to 60 per cent, from 140 
to ISO 

These bronzes retain their strength pro- 
perties to a notable degree at elevated 
temperatures. As cast, the hardness can 
be increased to 400 Brinell by suitable 
additions of silicon. 



Nickel-aluminium Bronze 

The addition of nickel to aluminium 
bronze not only tends to improve its 
mechanical yirojx'rties, but owing to the 
fact that lla-rc is Jio ai)precUblc galvanic Niokki,-brokze 

action between this bronze and mild steel, C\LivnKR Liner for Hioh- 
it does not cause corrosion in the jiresence cressi rk Feed Water 
of sea or fresh water. For this reason such Heater 

, 1 • 1. 1 A • stone, U*f ) 

bronzes are applicable to marine purposes 

for Ix'arings, sea-cock castings, sluice-valves, etc., attached to steel 
hulls of ship.s. Jt is also particularly well suited for stern tube 
liearings and fittings. 

A typical nickeUaJuminiuin bronze has the following percentage 
composition: Ni, 3 to 5; Al, 9 to 10; Fe, up to 6; Mn, up to 1*0; 
Cu (the remainder). 8and castings of this alloy have a yield pdint of 
17 to 22 tons per sq. in. and tensile strength of 35 to 44 tons per sq. in. 
with 30 to 16 per cent elongation and a Brinell hardness of 120 to 160. 

When heat4reated by quenching from 850'' C. and reheating at 
OOO'' to 660'' C. the alloy has a yield point of 25 to 30 tons per sq. in. 
and tensile strength of 44 to 50 tons yier sq. in., with 16 down to 5 per 
c'ent elongation and a Brinell hardness of 160 to 200. 


:J 
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Nickel Bronzes for Steam and High Pressure Purposes 

Nickel is used in certain types of bronze employed for parts which 
are to be subjected to the erosive and corrosive action of steam. The 
value of the nickel in such instances is due to its effect in refining the 
structure of the alloy Nickel also assists the bronze to retain its 
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mechanical properties at high(»r operating temperatures to a greater 
extent than ordinary bronze A further useful effect is that the 
addition of nickel iiureases the temperature range >vithm uhich the 
alloy can be poured successfully In general the amount of nickel 
added to steam bronzes varies from 1 to 10 per cent Table fi2 shows 
the chemical compositions of typical steam bronzes 

Nickel bronzes suitable for withstanding very higli hydraulic or 
steam pressures have an exceedingly fine structure due largely to the 
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TABLE 62 

Compositions of Steam Bronzes with Nickel Content 


Alloy used for 

1 

Ni 

1 

,-U 1 

1 

1 ' 

Sn 

I’b 

1 

Other Elements 

Large valve seats 
and for super- 
heated steam 

H igh -pressure 
valves 

Valves and seats 
in steam tur- 

10 

3 

80 

85 

1 

1 

10 j 

2 * 10 

1 ' 

1 

1 

1 

i 1 

1 

bines 

(General steam 


83 ' 

2 0 

1 1 

1 

1 Phosphor copper 
0 5 

bronze 

1 T) 2 :> 

82 85 1 

1 

, * 0 

1 

4 0 

1 * •'* 

Deoxaiized with 
phosphor cop- 
T)t*r 

1 


presence of the nickel; the latter floe.s not exceed 1*5 jkt cent as no 
intTcase in density occurs lK*vond this limit 

The percentage compositions of two topical hydraulic bronz(»s are 
as follows — 

TABI.E 63 

Compositions of Hydrai lk Bronzes 


Element 

('ll 

Xi Sn 

Zn 

Pb 

Bron/e A 

84 5 0 75 1 0 J 5 

7 

5 

Bronze B 

S7 SO 

1 

1 0 0 5 7 0 

1 5 3 

\ 

1'5 

Bronze B is 

used for large 

hydraulic castings, i 

\ t > pical 

example 


lieing that of a casting weighing H tons Uy withstand water pressures 
of 2U00 to 3000 Ih. |)er sq in. This alloy has a tensile strength of 
19 tons per sq. in. with a percentage elongation ol 21 to 2.s 

Nickel Bronzes at Elevated Temperatures 

Reference has been made previously to the relatively high mechan- 
ical pnqierties of nickel bronzes at c*levuted temj>eratures. In this 
connection some comparative results for liigh and low nickel bronzes 
and a plain niekel-free bronze or gunmetal are given in Fig. SI,* 
The results show* the low ni<‘kel bronze 1ms 37 |>er cent greater strength 
* “Nickel Brcnze m Marine Kngineenng*’ (Moiui Nickel Co. PublioAtion). 
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and four times tlie ductility of the gunmetal at 427" C. The high 
nickel bronze has almost twice the tensile strength of gunmetal at 
room temperature and over three times at 427° C. The percentage 
elongation, however, is slightly lower than for gunmetal at the latter 
temperature. 

The coefficients of linear expansion for the gunmetal, low and high 
nickel bronzes are 0 000018, 0 000018, and 0 00001 7 re*s}>ectively. 


60 

SO 

40 

30 
20 
• 0 
0 



Fia 87. Nickel Kfhxt ix Pkomotinc, STHEVorn avp Tocohness 
ro Bhon/l, \t Klev\tki) Tempekati 
A — room tniipi I itUH ft iO'i ( ( ll"> ( /> 427 ( 

Silicon Bronze 


Copper-silicon alloys, known as silicon bronzes, are now employed 
commercially on ac(*ount of their good mechanical ]>roperties and the 
readiness with which they cayi be voided. 

A typical percentage composition is as follows (’u, . Si 4. 

Zn, 2. The cast metal has an elastic limit of 5 tons jier sq in , and 
tensile strength of 16 to 22 tons jier sq in , with 25 to 10 fK*r cent 
elongation and Brinell hardness of 100 to 120. The melting jxiint is 
about 950 C. 

A typical commercial silicon bronze* recommended for }mrts 
subject to shock loads and abrasion and for the manufacture of high- 
speed shafts, bearing strips and pump barrels has a tensile strength in 
the extruded condition of 40 to 42 tons per sq in w ith 25 to 20 per cent 
elongation and a Brinell hardness of 170 


Beryllium Bronze 

This alloy contains about 2*25 per cent lieryllium and the rest 
copper. It is similar t o a high strength phosphor bronze and is frequently 
* Silicon Bronze 8. A. 3,” Manganeno Bronze and Brasift Co. Ltrl. 
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used in the strip or wire form for springs and in sheet form for instru- 
ment diaphragms. It is also applicable in the cast or wrought state 
to bearings that are used under high-pressure loadings. 

The copper-beryllium alloys containing more than about 1 per cent 
of beryllium can be hardened by quenching and reheating. Thus, the 
2*26 per cent alloy is heated to 800° C. and quenched and then hardened 


i 



Fia. 88. Test Specimens oi- Maixeablf Bronzi-. showing Resilts or 
Hot woRKivij Tests 
(Deita MrtnJ ( o ) 

by a subsequent precipitation treatment for a controlled period at 
250° to 300° C. 

The properties of a number of beryllium bronzes in the quenched, 
heat-treated and work-hardened conditions are given in Table 64.* 

It will be noted that by suitable treatment tensile strengths up to 
85 tons per sq. in. have been obtained, but with low percentage 
elongations. The high values of the yield point, namely, up to 71*2 
tons per sq in., are also characteristic of these alloys. These excep- 
tional strength properties, combineil with excellent cold and hot 
corrosion resistance, render the ber^lhunl bronzes parlicularly 8vit4ihle 
for ^spring purpose's , su( h alloys are muc h sujienor to phosphor bronze. 
As an example of their application mention may be made of a 1*5 
per cent beryllium alloyf subjected to heat -treatment and cold-w'orking 
in wire form wdiich gave a tensile strength of 85 tons per sq. in. The 

* “Bervlliiim and Bervllinm Allo\s,” W HosscnbiiK'h. Metalhrirtschafi, 
20th May, 1938. 

t “Beryllium in Automobile Production,” Aufomotn^ Industries, ISth 
February, 1939. 
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TABLE 64 

Properties of Coppbr-beryllidm Aua)YS 


1 


Yiehl 

Tensile 

ElonKR- 


I 

Alloy 

( oiuiition 

Point 

StreiKZtli 

tion 

Brinell 

Speclflc 

Tons per 

Tons per 

Per cent 

liardnesH 

Univity 



aq. in. 

sq. in. 

1 ~ !()</ 



Be-Cu (a) 

Quenched 

0 5 

19 22 2 

50 55 1 

(55 70 j 


1 0% Be 

QiHMiched and he.it -treated 
Quenched .ind work-hard- 

25 4 

28 b :U 7 

m 35 

12,5-1 30 ! 

s 0 


eued 

Quenched, work-haidened 

45 7 

47 0 

0 

200 



and ht at -treated 

41 

54 0 

12 

230 240 


Be-Cu (a) 

Quenched 

17 8 ! 

:n 7 35 0 

00 02 

100 120 


2 0% Be 

Quenched and heat-treut»‘d 
Quenched and work-hard- 

5 

09 S 70 2 

3 4 

330 300 

8 3 


ened 

Queni'hed, work-hardened 

51 4 

54 0 ! 

j 

(> 

220 



and heat-treatt‘d 

(id n 

79 4 * 

5 

305 


Be-Cu(a + ft) 

Queiu lietl 

1 210 ' 

lb 2-.19 4 

30 35 

lio 130 


2*4 Be 

Quenched and htat -t rt ate«l 
(h«euehed .'ind woik-hard- 

00 0 j 

70 2 S2 5 1 

3 5 

340 370 

S2 


1 eiied 

1 Quenched, woik-hardeiied 

' 57 ^ 

t>0 5 

3 

1 230 

1 



.ind heat tie.ited 

1 1 

712 

^5 7 

4 

1 375 

1 



( MmluliH of iiKulif \ is 2S(>0 tons ikt sq in ] 


2*5 per cent alloy gave similar higli strength and elastic limit, with a 
relatively low modulus of rigidity, and could he loaded statically to 
45 tons per sq. in. without showing ])ermanent set. 

The resiatanci to fatigm, shock and wear of hervilium bronzes is 
very high. Laboratory tests have shown that the fatigiK^ limits of the 
heat-treated and cold-worked allo\ are of the order r b> 1S*0 
tons per sq. in., values which are about bO per cent high(T than for 
hard-draw7i pluxphor bronze as used for springs. 

Beryllium bronzes are also used for elfctrirul contact clips and 
brushes, spring washers, precision bearings and bushings, small gears 
and welding elect rod<*s. A typical use for iHTvllium bronze sfirings is 
that for contact spring [imposes in the Hurg(\s.s Micro switch where the 
spring has withstood 10 million flexures without loss of tension and 
".vithout permanent set. 

The 2 to 2*5 per cent alloys, w-ith small additions of iron and nickel, 
are used for elc^ctric switch points by the f^hrysler ( k)r[>oration. Another 
application is for slow -break switches to control the heater elements 
of electric cooking ovens, wiiere this alloy has lietm found to give 
superior results to any other alloy previously known. Owing to the 
high copjKjr content these alloys have very good electrical conductiv- 
ities, namely, from 30 to 40 [ler cent of high conductivity copper, and 
they are being employed to an ever-increasing extent, notably in the 
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United States, for electrical components such as switch blades, fuse 
clips, plug clips, oontaei vibrator arms, plate, strip and wire parts, 
etc. Their excellent fatigue and wear resistance are further advantages 
in such applications. Beryllium bronzes as bearing metals are referred 
to in Chapter VII. In addition to its use for springs beryllium bronze 



KK3. SU TeMPKRVTI RI. U\N(,IS l-OR KvBRICVTION and HeVT TKEAIMENT 
OF J^rovzes 

is also employed on account oi its non~^parhng property for tools 
used in explosive and chemical fictories. 

Tootlied gears of bcrylliuin bronze, on account of their high resist- 
an(*e to 'svear, arc made from the foreed and heat-treated alloys. 

In r(*gard to the corrosion of these bron/es tests have sho%\n that 
tlieir rcHistanci* to sea-^^ate^ is good and they suffer little attack by 
dilute hydro(*hloric and acetic* acids, but ai(' affected appreciably by 
nitric and sulphuric acids, caustic soda and ammonia. It has also 
l)oen shown* that there is no diminution m the endurance of beryllium 
bronze in salt spray and tli.it in corrosion fatigue resistance beryllivm 
f)ronze is superior to most stainless The resistance to oxidation 

is also very ’sHtisfa<‘tory, small jiercentages of beryllium reducing 
considerably the rate of oxidation of copper ; the best results appear 
* H, J. (iough and U. G. Sopvuth, Journ. Inst, of Metals 
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to be obtained with the 2 per cent beryllium alloy which gives about 
the same rate of oxidation at 810" 0. as stainless steel. 

Heat-treatment of Beryllium Bronzes 

It has been shown that the mechanical properties are influenced 
largely by the heat-treatment to which the alloy is stibjcctod and by 



Fig. 90. Strengths or Prk(’Ipitation-h\ki)Enei> HKitYLLirM I^uonzes 
AT Klev \tf.1) Tempi: rati ui:s 

cold- working. In the former eonneelion the range of temjHTatures 
concerned in the fabrication and heat-treatment of beryllium bronzes 
is shoHTi in Fig. 89.* 

The strengths of precipitation-hardened alloys of Anaconda cop[)er- 
beryllium made for commercial purposes by the American Brass Co. 
are shown in Fig. 90, from which it will b(‘ noted that the higher 
temperature, namely, 325^ C., gives the highest tensile strength values. 


* Ante, pftgp 1^5, note (lower referenci*). 




CHAPTER VI 

NICKEL AND ITS ALLOYS 


Nickel in one of the most important metals used in engineering, since 
it enters into the composition of a wide range of modem alloys and 
has a marked influence upon their jAysical and mechanical properties. 
Nickel occurs in nature in combination with other metals and elements, 
chiefly in association with arsenic and/or sulphur as Nickel Glance 
(Ni 2 (AsS) 2 ), Kupftr-nickel (NigAsg), White Nickel (NiAs 2 ), Nickd Blende 
(NiS) and in association with cobalt in Hpiess. The main nickel ores 
arc the sulphides, chiil copy rite, etc. 

Nickel is extracted from its ores by several different processes, both 
chemical and electrolytic, of which the Mond method is employed 
largely on a commercial scale. It consists in passing carbon monoxide 
over redm^ed nickel oxide — obtained from its ores by a preliminary 
roasting process in which the sulphur is burnt off. The nickel is then 
taken up by the carbon monoxide to form nickel carbonyl (Ni(CO) 4 ), 
a volatile compound whi(*h is led through luxated tubes. This decom- 
poses the compotmd into carbon monoxide and metallic nickel. More 
nickel is. however, produced by the electrolytic than by the Mond 
proc<*sK. 

Properties of Nickel 

Nickel is a lustrous white metal, slightly darker than silver and 
capable of a high polish ; for this reason it is widely used as a coating 
for other metals, such as steel, copper, brass, etc., for both decorative 
and corrosion protection purjioses. 

It is both ductile and malleable. It is magnetic at normal temper- 
atures, but loses its magnetic properties when heated above 340® C. 

Nickel under moist air conditions tarnishes slowly and becomes 
covered with a film of oxide. 

The commercial or malleable niektd contains small proportions of 
manganese and magnesium ; carbon, arsenic and sulphur are harmful 
to the ductility and malleability of nickel and are either eliminated 
or kept down to extremely low percentages. The magnesium content, 
if xiroperly regxdated, frees the molten metal from occluded gases and 
improves the malleability and ductility so that the metal can be 
rolled into thin sheets and drawn into wire down to 0*0006 in, 
diameter. 
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Physical Properties 

Nickel has a specific gravity of 8*85. The atomic weight is 58*()8. 
The melting point is 1452° C. (2646° R). 

The specific heat from 20° C. to 400° C. is 0-130 and from 0°(!l. 
to 100° a is 0-1147 C.G.S. units. 

The coefficient of linear expansion from 25° C. to 1(K)° C. is 0-000013 
and from 25° C. to 300° C., 0-0000145. 

The thermal conductivity from 20° to 1(K)° C. is 0-1428 C.G.S. units. 
The electrical resistivity at 0° C. is 10-9 microhms per cm. cube. 
The coefficient of electrical resistivity is 0-0041 per degree C. (or 

0- 0024 per degree F,). 

The magnetic transformation })oint occurs at 340‘ C. (644° F.). 
The optical reflectivity of polished nickel is 65*5 })er (-cut for 
incident light of 0-589 /i wavelength. 

Nickel has a higher electrical resistance than most other (*ommon 
metals. Thus, if the resistance of a silver wire of given l(*ngth and 
sectional area be represented by 1-0, the res})ective rtssistances for 
copper, aluminium, iron, platinum and nickel are given by the* valnf\s 

1- 047, 1-75, 7-12, 7-45 and 8-0. 

Malleable nickel successfully resists attack by alkalis and is 
widely used in industrial processes for alkali solution contaiiuTs, 
autoclaves and tank linings, more particularly for caustic soda. Ni(‘kel 
offers a good resistance to attack by hydrochloric, hydrofluoric and 
many organic "acids. It is used for foodstuff containers wiiere the 
presence of copper woidd cause contamination. 

The aniualing temperature hes betw'een 750 and 850' V. 

The forging temperature is ll(K)^ C. to 1250^ C. 

Mechanical Properties 

Malleable nickel has tlu* ])ro}K*rti(‘f> given in Tables (io, (>6, and 67.* 

Machining and Working Malleable Nickel 

This metal can readily be machined with high-s])(*(*d tool stec-ls. 
using only slight variations in the tool cutting angles, sjieeds and fet‘ds 
useil for mild steels. The cutting angles should, howevc-r, b<‘ rather 
sharper and the cutting speeds (-an profitably be made higher with 
suitably designed and sharp-edged tools. 

For drilling purposes standard twist drills as used for mild stet‘l 
are quite satisfctctory. 

The milling cutters employed are of high-syH*ed tool ste(‘] witli 

* H. Wiggm & Co., Ltd. 
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TABLE 66 

I^IRF-NCJIH PrOPLBTIIiS OF MALLEABLE NiCKLL 



Proportional 

Yield 

^ Tensile 

( ondition 

Limit 

Point 

8t length 


Tons per squau^ inrh 

Rolled and aniumk d 

7 *5 10 i 

1 

0 13 

20 33 

t old oi haul lollod 

{ p to *13 

1 p to 45 

1 1 p to (>3 

( ant 


9 13 

, ->7 


h longation 

K( due tion 

1 h ndurance 

( oiuiitton 

on 2 in 

in Area 

j Limit 

1 1 ons p( 1 

1 

1 pi I « C lit 

]u i t cut 

<1 in 

Roll< <1 and ania ah d 
( old or haid lolh <1 

4^ 53 

() 5 75 

11 14 

17 10 

( ast 

15 T) 

10 50 



TVBLE 66 

HvHDMSsoI '\l\LLLABH NlCKLL 




Hi lilt II No 


( ondition 


(3000 kg . , 

load) 

1 Hodvwell H 



lo imn llall 


Rolh i and uiia ah 1 


7) 05 12 14 

50 M) 

( ( hi oi hai 1 I )lh d 


1 p f o I )0 1 1) to 40 

1 p t > 100 

( ast 


HO 12) 

1 50 ()0 


T\BLE 67 

M VLI I \BI L XKM L 1)\1 \ 

Modulus oi 1 last i( it\ uiltiisiou I 2^1,000,(100-3 1,000, 000 

' (lb pH sq 111 ) 

Modulus ol ilastuitj ui t r ion 0 500 000 10 “)00,000 

(lb pci sq in ) 

INittcrn umki IS shnnkapo | in per foot 

horping and lulling it nipt ratuio lango I S50 -1240° (' 

1()(»0 2300 t 
bOO 000 C 
1100°-1050^ F 


Anm aling it lupc latuic range 
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normal spacing and tooth design. For plain milling cutters the teeth 
should be ground at a slight taper or side clearance with the widest 
part at the cutting edge in order to prevent binding or tearing of the 
metal ; the teeth should have an undercut or rake. 

In regard to the tapping of nickel there is a tendency for the tough 
chips to jamb in the flutes of the taj) so that it is advisable to use taps 





' u 

Fto. 91. L\boratory IJTEvsn.s tx XmKr.T 

having two or three lands and shallow flutes, with a lip ground at the 
back of the cutting edges, for chip clearance , a cutting si)eed of 15 to 
20 ft. per min. is recommended.’*' 

Nickel sheet, although tougher than brass or aluniiniiiin, can be 
spun in the lathe to simple shapes but not to ditticull ones. The (*hief 
drawback experienced in spinning the metal is tin* work-hardening 
effect which toughens the metal appreciably. 

Nickel can be forged without difficulty by hand or die methods in 
a somewhat similar manner to steel if the correc't forging temperature, 
mentioned previously, is employed. 

Nickel can he soft-soldered, silver-soldered and brazed as readily as 
copper, using the same solders and fluxes. 

* H. Wiggin & Co., Ltd. 
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Nickel can also be welded by the .oxy-acetylene and electric welding 
methods. For oxy-acetylene welding the flame must be of the reducing 
iype, i.e. with excess of acetylene. Powdered boric acid should be 
used as a flux. For metallic arc welding the nickel should be the 
negative electrode and a suitable deoxidizer and flux coating used on 
the electrode. The slag should float readily on the top of the metal 
and protect it against oxidation. 

Nickel can be rolled on to steel to form nickel-clad plate or strip.* 



Pkj. 92 . Photomk^rcjcraph showino a Topical Nickel to Stp:el Bond 

20C 

The nickel layer is firmly adherent (Fig. 92) and the compound sheet 
can be fabricated in a similar manner to ordinary steel plate. It is 
used in the construction of industrial chemical tanks, kettles, containers, 
etc. 

Nickel Alloys 

Nickel alloys include a wide range of great importance in engin- 
eering and industry on account of their high mechanical strength 
properties, corrosion resistance, electrical qualities, decorative applica- 
tions, etc. 

The ferrous alloys, wiiich are dealt with more fully in Volume I of 
this work, include the high tensile nickel and nickel -chrome steels, 
heat-resisting steel‘d, improved and high-duty cast irons, heat-resisting 
(*ast irons, tool steels, etc. 

* Nickcl-clad plate and nickel-coated strip are dealt with in Vol. I of this work. 
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In addition there is a group of forro-nickel alloys which includes the 
low thermal expansion alloys, e.g. Invar and Elinvar ; the high nickel 
series of high magnetic permeability at low magnetic field intc'iisities, 
e.g. Permalloy and Mumetal, and the non-magnet ic cast irons, such as 
Nomay. 

Another grou]) of nickel alloys in(*lu(les the hiyh-strenxjth nickel 
brasses and bronzes 

In the electrical field, apart from the ferrous alloys mentioned 
previously, there are the magnet stools containing nickel, such as 



Fig. 93. Nickfi Sitvtu Mixing Tap Unit Xicki l ^iia i a) 

Alnico and Alni, which represent about the best of presiuit magnet 
steels. There is also an important range of nickel-(4iromium high 
resistance alloys su(*h as Dullray, (llmrray^ Brhjhiray, (Tc 

Nickel is alho a constituent in certain high-strength aluminium 
alloys, including Y -alloy and P.R alloys. 

In the nickel-copper range of alloys there an^ several important 
ones including those used for corrosion-resisting condenser tubes; 
resistance alloys such as Constantan^ /'Vrr// and Eureka, Monel metal ^ 
alloys used for bullet envelopes, etc. 

For decorative purposes certain nickel content alloys, such as 
Nickel Silver and Silvcroirl, have numerous industrial ajijilications. 
Nickel is also a useful item in the composition of certain lead-bronzes 
employed for high-duty bearings in aircraft and automobih^ engines. 

In association with cliromium and iron nickel forms an important 
alloy, know'n as Inconel, having excellent mechanical strength, (*orro- 
eion-resistance and heat-resistance properties. 
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A!i alloy of nickel and chromium with a high nickel content, known 
as Brightray, is used for facing the exhaust valves of high-performance 
(uigiiu's, e.g. aircraft engine's. 

Tliere are many other alloys rontaining nickel which it is not 
possible to refer to in this brief survey, but some of these are mentioned 
lat('r in Ibis volume in the appropriate sections. 


Nickel-beryllium Alloys 

Nickel alloys containing up to 2 per cent bc^rylliura are employed 
in the U.S.A. as si)ring material and Imshings. When suitably hoat- 
treated from rolled m.iterial the alloys h»ive a tensile strength of about 
115 ions ])er sq in., and possess a high fatigue resistance. They have 
been us(‘d in ({(‘rma ny for aircraft engine vah^e sjiriiigs. 

In connection with these alloys it has been found* that the addition 
of a third element, such as titanium, iron, manganese, or molybdenum, 
leads to equivalent hardeming properties at a beryllium content 
considerably below that of the binary alloys. 

A typical binary alloy of nickel with 2 per (‘ont beryllium has the 
strength properties shown in Table bS.f whilst a small addition of 
titanium gives the stn»ngth values shown in the same Table. 


TABLE 68 

Mi!:cH.\NicAL Pkoperties of Nickel-beryllium Alloys 


1 

Alloy 

1 

(\aiditioii 

1 1 

Yield , 
P(»int ' 
Ton-, peii 

Tensile 
Strength 
Toim pt‘r 

1 

Klonga- 
t ion 
pf'r eout 

I^rinell 
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1 

I 

! 

sq. in. j 

sq. in. j 

on lOein. 

H(-Ni 

QiKMiched . j 

1 

22 s 

oO-S 

48 1 

140 


Q\UMH*h<Hl and heat -treat e<l . 

oU 8 

82-r> 

20 1 

420 

Quenelied and ork-hardeued 

90-3 

101 -0 

1 .1 

360 

s.a. -sd 

QuenehtMl, work hardened and 






heat tiH'iitod 

9.1 3 

117,1 

8 

480 

He Ti-\i 

Quenehed . 

2.1-4 

,14-0 

40 

1.10 


Quenched and heat-treattul . 

,10-8 

88-9 

l-.l 

440 

S.(L 8d 

Quenched and work-hardened 
Quenched, \\ork-har<len<'d and 

98-, 1 

104-.1 

1 

360 


lieat -treait'fl 

98-,l 

120-5 

5 

500 


* “ Horylliuin and Its .\llovs,’' H. A. Sloman, Metal Jnduatn/, 23rd Febrnury, 
1934. 

I A ntc, page 1 S5, note (up]>er roferoiice). 
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The exceptionally high tensile strengths and hardnesses of the 
heat-treated and work-hardened alloys rival those of some of the 
alloy steels; in addition the high degree of corrosion resistance and 
also resistance to oxidation up to 700® C. to 1000® C. render them 
suitable for high-strength purposes at normal and elevated temper- 
atures. 

A commercial alloy used in the United States has the following 
percentage composition: 0*6 to 1*0 Be; 7*0 Mo; 15 Cr; 600 Ni; 
iron (the remainder). The tensile strength of this alloy can be more 
than doubled by quenching from the solid solution condition to the 
softest state, then cold-working and reheating to a moderate temper- 
ature. In this way the tensile strength has been increased from 51*5 
tons per sq. in. in the soft state to 116 tons per sq. in. by heat -treat- 
ment, hard rolling and reheating , the Brinell hardness increases from 
140 to 460 by these oj3erations. 

The alloy mentioned, but without the addition of the beryllium, 
is known commercially as Coritracid on account of its corrosion resist- 
ance properties. 

In the alloys with a nickel-chromium base, results of (‘onsiderable 
practical importance have been obtained bj the addition of beryllium 
to corrosion and heat-resisting alloys. This is true also of those which 
in addition contain molybdenum. Hardness values of a high order 
are obtainable and these properties are stable over a wide range of 
temperatures. The high temperature tensile projiCTties and creep 
strength are very satisfactory. Applications of these alloys in(»lude 
high- tern jierature springs, surgical instruments and engine valve 
springs. 

The Nickel<<iopper Alloys 

Nickel forms with copper in varying proportions a continuous 
series of solid solutions without any intermetallic compounds or double 
phase products. 

Fig. 94 shows the liquidus and solidus curves* for the series of 
alloys from which it will be seen that the melting points rise uniformly 
from that of copper, namely, 1083® C. (1982® F.), to that of nickel, 
namely, 1452° C. (2646® F.). In this connection the alloys of ni<‘kel 
and copper differ from those of copper and zinc (the brasses) and 
tin (the bronzes) in having higher melting points than that of 
copper itself. It follow^s from this that when casting nickel-copper 
alloys furnaces which only just serve for the brasses will be unsuitable, 
without modification. 


* Guertler. 
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Heat«treatment and Fabrication 

The nickel-copper alloys can now readily be produced in fabricated 
forms, but the i^resence of carbon and sulphur causes embrittlement ; 
in this connection the addition of manganese up to 1*0 per cent is 
advocated. The annmled meUil is employed for sheet metal and similar 
fabricated forms, annealing being elected at 550° C. to 750° C. ; the 



100 Cu 

Fio. Ligi s and Sdi.iih s Ci km-s for Nickel-copper Series 

lowest teinpcTature at ^hich the metal will soften should be used in 
each instance, since any carbon present is liable to precipitate at high 
temjieratiirc.s. To avoid scaling the annealing should be done in 
closed pots or in an inert atmoR])here ; the cooling rate is more or 
less immaterial. 

Mechanical Properties 

The nickel-copper alloys containing nickel up to 50 per cent show 
a gradual increase in tensile strength, almost in proportion to the 
ni(‘kcl content, together with an increase in the elastic modulus, as 
shown by the results given in Table 69.* 

♦ Thi N H'kvl -copper Alloys, Bureau of Information on Nickel, 
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TABLE 69 

Mechanical Properties of Nickel-copper Alloys 


Nickel, per cent 

1 

1 Tonsil© Strength 

(Tons per sq. in.) j 

]Vlodulu.s of Klasticity 
(Tons per sq. in.) 

0 

20() 

7080 

10 

27 9 

7000 

20 

34-4 

8000 

30 

420 

8380 

39-7 

4r)S 

9240 

4.') (> 

r>i 0 

9470 


The additiiDii of nickel to (*opper. ev(‘n in very small amounts, has 
a marked effect upon its mechanical properties. Thus the addition of 
2 per cent of nickel increases the tensile strenjdh slightly and improves 
the ductility ccmsiderably. 

The following values are given by Hughes for the 2 ])er cent alloy : 
Tensile strength, 15-2 tons ]kt sq. in : elongation on Sin., 49-0 jrt 
cent, and reduction of area, 78*2 per cent. These valu(‘s refiT to the 
cold-rolled meted after annealing. The toughness or impact value of 
the alloy is also rapidly improved. Thus, the addition of 1-5 ])(‘r cent 
of nickel to copper doubles tin* im})<i(‘t v^alue. The nickebco]>])('r alloys 
containing from 15 per cent nickel and upwards an^ notable for their 
combined ductility and toughness. For this reason such allovs are 
used for making buJUt fvvdopp^ since they <‘an be (‘old-work(Ml to a 
very marked degr(‘<\ 

The 20 per cent nickc*] alloys are among th(‘ most ductile^ non-f(‘rrous 
alloys in (‘ommercial use. They may 1 h‘ cold-rollcd from 11 in down to 
0*01 in. without annealing, while the following ngure.s (the mean of 
two tests) given by 80 20 copptT-nickti wire obtained by t‘old-rolling 
a 2 in. diameter bar to gin. and tlu^n <'old-draw ing t(. 0*02 in., all 
without annealing, show that even after this flrastic treatment , r(‘sulting 
in a high maximum tensile strength, appre(iable ductility is still 
retained. 

Maxjiniuii 8tn‘Hs .... r>7*n tons p(‘r s(( m 

Torsion turns p(‘r 100 (lianictcrN . . 37 

The strength properties of three tvpical copj)er-nickel drawn rods, 
containing respectively 15, 20 and 40 jmt cent of nick(i, ar(» givem in 
Table 70.* 

In the case of hard-draw'n nickel-cop]KT wires th(‘ tensil(‘ stnoigths 
of 15, 20 and 40 per cent nickel content wires of 10 S.W.tb were 

* Jiiircau of Inforfiiatioii on Nickt'I. 
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TABLE 70 

Rtrrn(;th Properties of Nickel-copper Drawn Rods 


T ~ 

(Viudiiioii 


7’c>nhde 

iStreiigth 

Klonga- 

tion 

Reduction 
of Area 

Nickel 

1 

foppor 




*^1 ons per 
sq. in. 

per cent 

per cent 



Haro . 



31-7 

170 

73-4 

ir> 

ar> 

Annealed 850 

900 

('. for 






15 minutes 



20-5 

50-0 

86*5 



Hard . 



33*5 j 

18 0 

700 

20 

80 

Annealed 850^- 

OOO'^ 

(y. for 






15 niinutf's 



21-4 

510 

83-6 



Hari> . 



40*9 

120 

560 

40 

00 

Annealed 850 

1 _ _ 

900 

(\ . 

20-7 

44-8 

730 


34*8, 30*5 and 4()(> tojhs ptT sq. in. respectively; the corresponding 
<*longations were 0-25, 51 and 4*7 per cent respectively. 

Tensile strengths up to 50 tons ]>er sq. in. have been obtained with 
hard-drawn wires of 40 ])er cent nickel-copper alloy for wires of 18 to 
2()S.W.(5. 

77^e 20 per cent nickel-coppir alloy used for bullet envelopes has a 
tensile strength of about 40 tojis per sq. in. in the sheet form, as 
r(*ceiv(‘d from the manufacturers. By annealing at temperatures of 
3(K) \ 500^, 700^ and 750^ (\ for periods of 3 hours each, the respective 
tensile stnuigths an* 3S-2, 25*5, 23*5 and 23*1 tons ])er sq. in. The 
]>erceiitage elongations w(*re 8-5, 34*0, 380 and 44*0 respectively; 
these value's show the marked etfeet of annealing upon ductility. The 
]X'rcentage reduction of area values in the above examples were 36-0, 
53-5, 01*5 and 03*0 n‘S|K'<*tively. 

Strengths at Elevated Temperatures 

It is characteristic of the nickel-copper alloys that they retain 
their strength projK'rties at temperatures well above normal. Thus in 
the case of tlH\12 ])er cent nickel alloy the tensile strength of a specimen 
tested at 13 (\ was 18*1 tons jK'r sq. in., with 55*5 per cent elongation 
and 03 ])er cent reduction of area. 

As the temperature was inereased these values all fell progressively 
until at 455' they reached the values of 9-9 tons per sq. in., 27-5 
and 41*0 per (‘ent/ revspectively. 

Some eomi>arative teinjx'rature-strength results for the 80/20 and 
98/2 copper-ni(*kel alloys and typical brasses, bronzes and gunmetal 
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are given in Fig. 95. It will be observed from these results that both 
of the copiier-nickel alloys compare very fa^'ourably with the best of 
the bronzes and brasses, the 80/20 alloy is actually stronger above 
325® C. than any of the other materials tested . the 98/2 alloy is stronger 
above 410® C. 


Other Nickel-copper Alloys 

In connection with the alloys containing less nickel than copper, 
the 2 per cent nickel-content alloys are used for locomotive stay rods 
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and boiler and flue tubes This alloy has also been much used for the 
driving bands of shells 

An important appli<‘ation of alloys with 15 per cent and upwards 
of nickel is for condenser tubes, as these allo^ s exhibit marked resist an c(‘ 
to corrosion , after long periods of service such tubes sliow little if any 
corrosion whereas the brass tubes previously employed would be 
rendered useless in one-quarter to one-sixth of the jieriod (Fig. 96). 

The tendency, in marine work, is to use alloys of higher nickel 
content, namely, at least 30 per cent, as such alloys under severe 
working conditions in marine condensers stand up extremely well 
over long periods. 




NICKEL AND ITS ALLOYS 


201 


Another advantage of this group of alloys is their immunity from 
the defect known as “season cracking/* 

The alloys with 40 to 45 per cent nickel are much used for electrical 
purposes on account of their low temperature coefficients and high 



Fig. 96 Showing { R ^ qhl ) Cohkoded Brass Condenser TVbes with Less 
THAN One Year’s Service, ani> { Left ) Cupro-nickel Tubes after Four 

Y^ears’ Service 


resistivity, combined with corrosion resistance, so that they are 
employed for resistance and rheostat elements. Another application 
is for thermo-couple pyrometers, in conjunction with copper and iron 
as the other elements. Tj^ical resistance alloys of this class are 
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ConsUintan s Ferry, and Eureka, (^onstaiivtan contains about 40 per cent 
nickel and 00 per cent copper. It has an electrical resistance about 25 to 
30 times as great as copjier, the actual value being about 50 microhms 



COMPOb! TION Of /MLJyb 
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per cu. cm. at 20 (\ The (*oeflicient of nNisfance increase uitli tein- 
peratnn* is 0-(M)0005 per deg. C. at 20 V 

The thermo-electric power uith copper (for thermo-couples) is 
40 microvolts at O'" (\ The sjiecific gravity is 0*73. 

Otlier high-resistancc nickel alloys «ire Xirhlhr (25 per cent nickel) 
and Man^ganin (an alloy of coj»|kt, nickel and inangan(\se) 

The groii]) of alloys having 45 per cent of nickel and above are also 
employed, on account of their si I very- white a])pearance and non- 
corrosion properties, for various decorative and doyneMic purposes. In 
cafeteria work they are used in the sheet form for counter tops and 
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soda fountain parts. The resistance of these alloys to attack by 
vegetable and fruit acids has resulted in their employn^ent for spoons, 
forks and containers and also for vessels employed in various chemical, 
semi-chemical and food preparation industries. 

Other applications of this group of alloys include those of radiator 
shell pressings, automobile fittings, ships’ furniture fittings, and those 



Fr<i os Showin(} STRiTCTrRE OF Cast Mon 1:1. Mktvl 


for circhitecf ural purposes, e.g. door furniture, staircase rails, grilles and 
lift doors. 

Hitherto, wv have dealt A\ith nickcl-copj)er alloys having less nickel 
than copper, but as tlu' nickel content is increased above 50 per cent 
there is some im})roveineiit in the mechanical strength pro])erties, 
though the rjinge of alloys between (50 and 80 per cent nickel give the 
optimum strength figiu'cs ; on either side of this range there is a falling 
off in strength. The (55 to 70 per cent nickel-copper alloy ^nth low iron 
content is the well-known Monel metal used commercially for various 
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purposes. It sliouJd be hero noted that variations other than those in 
nickel content may affect the properties of the alloys in this range 
appreciably. Carbon, in particular, has a marked influence on the 
mechanical properties and must therefore be kept below about 0*25 
per cent. 

Honel Metal 

Monel metal is the name given to a high nickel-copper alloy widely 
employed commercially on account of its good mechanical and corrosion 
resistance properties. It has the following limits of percentage com- 
position, namely: Ni, 65-70; Cu, 26-30; Fe, to 3*0; Mn, to 1*5; 
Si, to 0-25 ; C, to 0-25. 

In the case of castings these may have a higher silicon content up 
to about 4 per cent. It may be mentioned that silicon -content Monel 
castings have more recently been produced which can be heat-treated ; 
normally Monel is not responsive to heat -treatment, but can be 
hardened by mechanical working. 

In regard to the structure of Monel, as this is composed principally 
of nickel and copper the physical properties are those typical of the 
solid solution. The structure of cast Monel is shown in Fig. 98. Once 
this structure or “cored'" formation has been broken down by forging, 
rolling or cold-w^orking the grain size is reduced and rendered more 
uniform as illustrated by the three illustrations given in Fig. 99. 

Physical Properties 

The principal physical properties of Monel are as folio w^s* — 


Density . . ... 8 80 

Lb. per cub. in. . . . . . 0.‘?18 

Molting point . ' . C. (2100 F.) 

Specific heat (20^-400 C.) 0-127 

Coeliicient of <*\pansion (2.'>‘’- lOO'* (\) . 0 000014 

per 1 C. (25 300 (\) 0-000015 

Hoat conductivity (0 lOO C.) i that of (Vuninorcial ('opper. 
Electrical resistivity (at 0 i\)-~ 

inicro-ciii.® . , ... 42-5 

ohm-mil-ft ....... 256 

Magnetic transformation . . . 05 (^. (203 F.) 

Recrystalhzation tomp Taturesf (lower limits) 430 82(F C. 


Mechanical Strength Properties 

The tensile strength and elongation of Momd cover a wide range 
depending upon the condition, i.e. whether as (‘ast, annealed, hot or 

* H. Wiggin & Co. Ltd. 
t Dependent upon gram size. 
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cold rolled. In general, however, the alloy has a high ductility in its 
wought forms, and in this connection the ductility of Monel spring 
wire is such that it can be bent around its own diameter without 
fracture. Similarly, it has been shoAMi that a 1-in. diameter Whitworth 
threaded rod can be bent back on itself, i.e. through 180° without 
fracture, at .normal air temperature. 

Monel castings have a yield point of 12 to 15 tons per sq. in. and 
tensile strength of 19 to 23 tons per sq. in. with about 12 per cent 
elongation:* the Brinell hardness value is 110 to 130. 

There is a 8})ecial silicon Monel used for castings, which, upon 
heat-treat meiitj gives tensile strength values of 38 to 40 tons per sq. 
in. with 10 to 15 per cent elongation and a Brinell hardness of 190 to 
210 . 

Cold-drawn bars have a yield point and tensile strength of 35 to 
40 and 40 to 45 tons per sq. in. respectively, with 20 to 18 per cent 
elongation,* the Brinell hardness value is 210 to 190. When annealed, 
ho^\ever, the \ield point and tensile strength fall to 14 to 17 and 30 
to 35 tons })cr sq. in. respectively, %\hilst the ductility is improved, 
the percentage elongation being about 35, and Brinell hardness 1 10 
to 120. 

Normal hot-rolled bars have slightly higher tensile strengths and 
about the same ductility as the annealed cold-drawn bars 

Cold-rolled sheet or strip lias a tensile strength of 40 to 45 tons per 
sq in. with 15 p(T cent elongation, the effect of annealing thi* metal 
is to redu(*e the tensile strength to 29 to 3(i tons jier sq. in , with 
increased elongation of 30 per cent. The \ield point ol the hard cold- 
rolled sheet or strip has the same value as the tensile strength. 

Cold-drawn wire has a tensile strength of 55 to 00 tons ])cr scj. in. 
with 5 to 10 per cent elongation and a yield point of 50 to 55 tons jier 
sq. in. \^hen annealed the tensile '-trength becomes 29 to 33 tons 
per sq. in ^^ith 35 ]}er {*ent elongation 

The endurance limits of Monel in the anneal(*d and hot -rolled 
condition are about i 10 tons per sq. in. and in the tully \\ork(‘d 
condition about ± tons per sq. in. 

The Izod impart values of hot-rolled and annealed Monel range 
from 115 ft .-lb to the limits of the 120 ft. -lb. Tzod U\sting machine. 
Monel cold-rolled to 50 per cent reduction has an Izod value of 05 to 
80 ft.-lb. 

The modulus of flasticitg of Monel is 25 to 20 x 10^ lb. ])er sq. in. 

The modulus of rigidity of Monel is 8 to 9 X 10® lb. per sq. in. 


* On 1 
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Strength at Elevated Temperatures 

The tensile strength of Monel increases with decrease of temper- 
ature below normal atmospheric values and, in common with other 
alloys, decreases as the temperature is raised, but at a lower rate than 
that of the brasses and many of the bronzes. 

Fig. 100* illustrates the mechanical properties of Monel at temper- 
atures up to SOO'^ (/., at which teuifierature the tensile strength is 



Tempcr.ituri C 

Kic 102. Imi'\ct Sthlvoths ov 70 30 Xickr r (ocimr \ii(0 m 
ELLVATkU TlCMCHtVll HI s 

8 tons per sq in. Tlie torsional strength ])ro])crties o\(T the same range 
of temperatures are illustrated in the graphs given in Fig 101 

In regard to the creep stress, the limiting \ allies at 400 , 500 \ 
600° and 700 are giv^cMi as 24, 10, 2 and 1 ton per sq in. respect- 
ively; these limiting stress values are such tbiU they will not cause 
fracture if applied continuously over a jx'riod of at least thn^e y'ears. 
At stresses lying betw’een the limiting creep stress and the limit of 
proportionality the metal will deform slightly and in doing so will lj<:‘ 
work-hardened to the extent Uiat it will resist creep at tliese stress 
values 

The imjiact strengths of 70/30 nickel-cop|K‘r alhn at ele\aled 
temperatures are shown in Fig 102. 

Torsional Strength 

The average torsional strengths of hot-roIl(‘d and (‘old-drawn Mon(‘l 
are shown in Table 7 1 . 

* “Mechanical Properties at High 4 ompcraturcs of an Allo> of Xu kel and 
Copper,” H J. Tapsell and .1 l^radle\, Jnuttt Inst. 192^1. 
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TABLE 71 

Torsional Strength of Monel (H. Wiggin & Co., Ltd.) 


(Jondition 1 

Yiohl Point 
Tons per sq. in. 

I^reaking Stress 1 
Tons per sq. in. j 

Limit of 
Proportionality 
Tons per stj. m. 

Hot-rolled . . . 1 

Cold -drawn (1 in. diameter) | 

12-16 

33 -36 

1 27-28 

1 40 -42 

1 9-13 

20-22 

Corrosion Resistance of Monel Metal 




Oil a(‘count of its high nickel content Monel possesses excellent 
corrosion-resistance qualities uhich enable it to he used for a wide range 
of industrial and engineering applications. 

It d(M\s not corrode under atmospheric conditions, even in air 
conditions of industrial centr(*s It is unaffected bv sea and estuarine 
waters and for this reason is frequently employed in marine practice 
for propeller shafting of small boats, propellers, mast fittings of yachts, 
ships’ bolts and nuts, galley-fittings, tanks, etc. 

It is unaffected by alkaline solutions and is therefore used for 
evaporators and other plant in the recovery and production of caustic 
soda. It is atta(‘ked, however, by ammonium hydroxide solutions of 
over 10 pc*T cent concentration, but not by weaker solutions. 

Monel is only slightly attacked by acetic, citric and tartaric acids 
but is affected by nitric* acid. 

The acid attack increases ^vith aeration and with hydrogen-ion 
con cent rat icm. Air-free acids, other than those of an inherently 
oxidizing character, bke nitric acid, do not appear to corrode Monel, 
but the rate of attack may become fairly high in aerated solutions 
of the stronger acid and hydrogen-ion concentrations. It is not 
materially affected by Kul})huric acid concentrations up to 80 per cent 
and is much used, commerc’ially, in contact with this acid. Similarly, 
Monel is unaffected by pure phosphoric acid. 

Monel is highly resistant to the corrosive and erosive action of 
superheated steam, and since it retains a marked proportion of its 
strength at temiKjratiires up to about 400° C., it is particularly suited 
to the making of ctTtain steam parts and fittings. 

At high temperatures (450° C. to 500° C.) in oxidizing atmospheres 
it develops a protective oxide skin. 

Fabrication of Monel Metal 

Monel is hot-forged and worked at 1040° C. to 1150° C. and should not 
be hot- worked at much below the former temperature since the hot 



210 


ENGTNBERINO MATERIALS 


ductility of the metal falls rapidly with temperature decrease. It loses 
all malleability at about 1210° C. Furnaces used for heating Monel 
should be of the type in which combustion occurs before the hot gases 
reach the metal; sulphur-free fuel should be employed. Further, a 
definitely reducing atmosphere is necessary to avoid oxidation and 
scaling. 

Moiud is cold-worked in a somewhat similar maimer to mild steel 
for operations such as drawing, bending, die-forging, forming and 
pressing. Owing to its high elastic limit an appreciable amount of 
power is recpiired in these operations; for this reason it is difficult 
to spin and fabricate by hand. MoreovcT, frequent annealing is 
required for. multiple forming procmses. 

For wire and rod drawing it is net*essary to employ chroniiuin- 
plated hardened steel, tungsten carbide, or diamond dies with well 
polished surfaces. 

Monel IS annealed by heating at IKK) C. to 050 ' C. for about five 
minutes. It can be box-annealed satisfactorily at 730 C. to 790° (’ 
for about an hour. 

Machining Monel Metal 

This alloy can be machined either dry or with the usual lubricants 
provided suitable tools, s])eeds, and feeils are employed. 

Monel metal machines with a long, tough chip, in this respect closfiy 
resembling copper, but requiring about the same power to cut as 
mild .steel. 

Cast Monel metal requires somewhat more power. Owing to the 
great toughue^s of the metal, toolh with a keen edge are necessary in 
all machiiK* work. These tools should bt' ground with a decided rake 
or lip, and only the better grades <.»f high-s()eed steels used. 

Fig. 103 illustrates the various tools recommended for machining 
Monel metal and other nickel-eopjKT alloys. 

In regard to the cutting speed, this will vary with the depth of 
cut and feed from 30 to 100 ft. ])er min. 

Soldering^ Brazing, and Welding Monel Metal 

The alloys can b<» soft soldcr(‘(l or brazed quite ( asily as long as 
the usual precautions regarding cleanliness, freedom from oxide, etc., 
are taken. Any fuel containing a high sulphur t'ontcml should be 
avoide*d. The same flux, solders, and tools are used <is for eojijier. 
Any oxide on hot- worked metal should be* removed before commencing 
to solder. Monel metal is brazed in the same manner as (‘opper, using 
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ordinary solder with borax as flux. It ^an also be silver-soldered, 
using a blow-torch with the same flux. 

Electric resistance welding with spot- or butt -welding machines is 
the same as with any other metal, while the oxy-acetylene or arc 
welding processes can i)e utiJiz(‘d without any great difficulty. In every 
case absolute cleanliness of the metal jind of the welding rod, where 
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used, is essential to succes^, A wasli o\er with a strong solution of 
borax is often heljiful 

With the o\y-iuetyl(‘iie process sulphur-free gas must be employed 
and the reducing or central part of the flame utilized In arc welding 
special pr(‘cautions against oxidation arc nci'cssary and the wielding 
rods might also ])rotital)ly be protei'ted by one of the usual covers. 
It is important to see that the welding rod is the positiNc electrode, 
i.e. the converse of what is usual when arc welding steel. 

Monel metal can Ix' welded to cast iron, steel, brass, bronze, 
coppi^r, in fact to almost any common metal or alloj". 

Moncd metal can be pickled in any of the normally employed 
sulphuric acid or hydrochloric acid solutions, provided some oxidizing 
agent (such as ferric oxide, sodium dichromate, etc.) is added to 
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prevent re-deposition of the copper from the solution on to the pickled 
metal. 

Applications of Monel 

Monel is employed for fittings and components requiring relatively 
high mechanical strength at normal and elevated lemj)eratures up to 
about 500° C., combined with good corrosion resisting qualities. It is 
widely used, tluTofore, for industrial manufacturing tanks, kettles, 



Fig 104 Tj rbivi: Bl\i>in(, of Movp’i. Mi.tal 


])um])s, mixers, v^ahes, ire-gauze stniiners tulx's, diaphragms, eoils 
for heating nuts, Ixdts, washers, bushings, shaft .s, etc. 

It also finds wide application in the textile industry in connection 
with plant used for dyeing of fabrics and artificial silk, bleaching, 
mercerizing, drying and finishing machinery, it is also much used in 
food manufacturing plant. Its marine uses have jireviously been 
referred to and in ]>arti(‘ular its suitability for projxdler shafting of 
small boats. 

In the aircraft industry Monel has ])e<'n used for the valve seat 
inserts of aluminium alloy cylinder heads, since it is (‘onsiderably harder 
than the aluminium bronze hitherto erniiloyed and is non-corrosive 
to the hot exhaust giises. It has IxHui used for petrol pipeji in place 
of copper, since it offers better corrosion resistance and has higher 
tensile and fatigue strengths. 

Other aircraft applications include wing tip floats of seaplanes, 
mooring buoys, Monel rivets for metal wing lattices, floats and hulls, 
elevating jacks of flying boat rudders, water storage tanks, etc. Monel 
radiators of extremely light construction, which are completely 
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resistant to water, lubricating oil and ethylene glycol, have been 
employed on continental aircraft. 

Among the automobile parts for which Monel is applicable are 
radiator pins, body bolts, screws and nuts, licence plate bolts, and air 
and oil cleaner wire gauze filters. In general engineering it is employed 
for reciprocating pump plungers, valves, spindles, etc., and in circu- 
lating pumps used for condenser water cooling. Other uses include 
gland rings, springs, metal gauze filters, disc valves, governors, stop 
valve seats, castings, cyb'nder liners, b(*lts, studs and nuts. 

In connection with high pressure super-heated steam pract^'ce, 
ty})ical Monel components include valve discs and seats of soot blowers, 
gauge cocks, safety valves, blow-down valves, non-return check valves. 
It is used for seats and lids of main steam valves, as it resists the 
cutting action of high velocity steam, even when abrasive particles of 
rust or crystallized salts arc ])resent. 

Monel valve stems retain a liigh proportion of strength at elevated 
steam tcmj)eratures, thus eliminating risk of breakage. 

Monel is us(‘d for turbine blading as it resists the cutting action of 
sujicrhcatcd steam, retains strength and toughness at high temper- 
atures, has inherent resistance to corrosion, and can be drawn to 
accurate profiles with sharp edges and smooth surfaces. 

Monel .steam jiurifier baffles are employed as they are immune from 
rust and corrosion and easy to fabricate. 

In hydro-electric plants Monel is used for needles and nozzles 
controlling water jets on Pclton wheels. 

Strainers of perforated Monel sheet or wire cloth are used in 
regulating valves, meters and on lubricating oil, steam and fuel oil 
lines, ('tc. Monel is also regularly used for ball float and other types 
of steam trap valves. 

Corrugated Moiiel joint rings (Fig. 105) are practically unaffected 
by the cutting action of liigh pressure, high sujxTheated steam, and 
do not blow out if a joint becomes slack. 

[n railway work, Monel sometime^s employed for fire-box stay 

tK)ltS. 

Mention ma^ also be made of Monehfaced plyivood which, on 
account of the |HTmanent retention of its pleasing decorative appear- 
ance, is employed for shelving, doors, food service lifts, table tops, 
furnit\ire, wall-panelling, cold storage construction, etc. 

K-Monel 

A more recent alloy, known as K-Mond, has been developed from 
Monel metal and is capable of heat -treatment so thkt it gives similar 
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mechanical properties to those of steel. This nickel alloy, which 
contains aluminium, obtains its full stren^h pro})erties by hot or cold 
working and heat -treatment. It has the following percentage compo- 
sition; Ni, 0(). Cu, 29, Al, 2-75, Si, 0-25, Mn, 04, Fe,0-9, C, 015. 



Fk. lO") A Slikjion <)i Moml Joint Rini.s 

( Mttallif MaHufacinrinq ( o ) 

The alloy melts at 1315 C to 1350'" (' , and has a specific graMty 
of 8*6 

The specific heat from 20 i) to 400 C is 0-127. 

The coettidcnt of linear cxjiansion from 25 C to 1(K) (\ is0*00(X)14 
per ° C. , from 25 "C to fiOO C it is OOOOOKi. 

The thermal conductivity from 0 C to 1(X)"(’ is 0 043 C S. 
units 

The electrical resistiMt\ is approximately 02 miciohms piT cm. 
cube. 

The alloy is magnetic at temjK'ratures below - 79 , being non- 
magnetic above this temperature 
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I he mechanical strength pr()})erties in the three conditions in 
whicii K- Monel is available commercially are given in Tcible 72. 


TABI.E 72 

Mechanical Properties of K-Monel 



ritirnate 

Yield 

Klonga- 



(Condition 

1 Strength 
Tons pel 
[ sq in. 

Point 
l\>ns pei 
sq. in. 1 

j 

t ion 

per cent 
on 2 111 . 

1 

T zod 
Ki.-lb. 

1 

Briiicll 

Hardness 

Hot -rolled and softonod 
Hf>t-rt)llod, softonod. unit 

39 

19 

1 

35 

100 

140 

tlinnnallv liarderif'd 
Cold-uorkod and tlifrrn- 

90 

43 

30 

70 

1 

270 

all^V }iard(‘nnd ! 

72 

60 

i5 

1 50 i 

320 


The full\ heat-lreated metal will withstand an alternating stress 
of 17*5 tons per s(| in for 10 million cycles without fracture. 

The (‘lastic ukkIuIus in tension is 20 y l(^®lb. per sq. in. and in 
torsion 0*6 < 10^ Ih [kt s(| in 

Strength at Elevated Temperatures 

The \ allies gi\en in Table 73 refer to short-time tensile tt'sts made 
upon cold-drawn and heat-treated rods — 

1^ABJ.E 73 

Stkenoth oi^ K-Monel at P]lk\ \tei) Tkmperati res 


3 ’einp(‘iatuio 

Maxinimii 

^ ifUl 

Projioi - 
tionalit\ 

Klongfition ^ 

Heilui tion 

St I <^ss 

I’oint 

Limit ' 

per cent I 

111 Area 

I 

^I’ons ]MM 

1 sq. in 

j 4 oils pel 
sq in. 

1 Tons pel ’ 
sq. m. ' 

on 2 111. 

per cent 

25 ' 

' 73 6 1 

55 S 

46 9 

21 0 

3S 9 

95 

72 h 

55 4 

46 4 

21 0 1 

37 0 

205 

1 60 6 ! 

.52 7 

44 6 

20 0 

35 0 

315 

65 9 

4S 5 

37-5 

19 5 

32-8 

425 

.‘i.'i S 

47 3 

3() 3 

IS 5 

29-8 

540 

55 6 

1 

1 45 9 

1 31*5 

9 S 

9 8 


In regard to the creep strength the following results may be 
quoted ♦ Specimens of rod whieh had bt'en cold-worked and heat- 

* H. Wiggin & Co., Ltd. 
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treated to give a Brinell hardness of 285 sustained a load of 30 tons 
per sq. in. at 400° C. for three weeks without showing any measurable 
creep. In the case of fully heat-treated rod, having Brinell hardness of 
240, which had not been cold-wwked, a load of 20 tons per sq. in. 
was sustained for three weeks without showing any measurable 
creep. 

Heat-treatment and Machining 

To soften K-Monel metal, it should be heated to a temperature 
of approximately 900° C. for a sufficient time to ensure complete 
soaking, and be quenched in water or oil. 

To harden, the material should be reheated to a iemperaiure of 
590° C., and slowly cooled. The degree of hardness develoj)ed varies 
to some extent with the time of exposure at this temperature. Four 
hours is generally sufficiently long to develop practically full hardness, 
but slightly increased hardness results from holding at this temper- 
ature for six or eight hours. The hardening treatment can be applied 
to softened, hot -rolled, or cold- worked material. 

In the softened or nuKlerately hardened (up to 270 Brinell) con- 
dition it can be machined at almost the same speeds and feeds as 
for mild steel, provided good quality high-spc^ed steel tools are used. 
In the w'ork-hardened plus thermally-hardened condition (Brinell 
280-330, or even higher), Widia or similar cemented carbide tools are 
usually necessary, but this can be avoided by machining before final 
thermal hardening. 

On jiccount of its high mechanical strengths at ordinary and 
elevated temperatures and its corrosion resist ,nce whi(‘h is similar 
to that of Monel metal — this alloy has many applications in engin(‘ering 

Typi(*al examples are: valves and seats in pinnps harulling oil 
containing brines and sodium sulphide (hen* K-Monel has outlasted 
high alloy corrosion -resisting steels with a service life (»f 4 to 1 in 
favour of K-Monel), valves and seats on “starting-air” bottles for 
Diesel engines, blades for pafier-making maehincTy, and impulse 
blading of steam turbines operating at high pressures and siq)erheatH 

Inconel 

Inconel is another more recent alloy having excelk‘nt m(*(‘hatncal 
properties at ordinary and elevated tem]KTat ures, combined with 
important corrosion resistance at these temperatures. It is also amen- 
able to fabricating operations. Inconel has the following |K*rccntage 
composition: Ni, 80; O, 14 to 14; Fe, the remainder. 

It has a melting point of 1395° C. and specific gravity of 8*55. 
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The s^jecific heat from 26° C. to 100° C. is 0*109 C.G.S. units. 

The coefficient of linear expansion from 40° C. to 100° C. is 0*0000115 
per ° C. ; from 40° C to 700° C. it is 0*0000161. 

The heat conductivity from 40° C. to 100° C. is 0*036 C.G.S, units, 
i.e. about 3*5 jier cent that of copjier. 

In regard to its mechanical strength properties some representative 



Fl<». l(K> Avi WMii: TkNSILT PK<)rERTlfc.S of Hot-koi.lei> \xi> 
COLD-f>RA\^N InCOVFE RoI>S 


values are slioun in Fig. 106 for hot -rolled and cold-drawn Incone 
rods 

The cast metal has a yield iK)int ol 18 tons per .sq. in. and tensile 
strength of 32 tons }K'r sc]. in., with 10 to 15 iier cent elongation. The 
lirinell hardness is about 160. 

The modulus of elasticity in tension is 31 X 10® lb. per sq. in. and 


in torsion, 10*3 X It)® lb per sq. in. 

In regard to the fatigue strcuigth the endurance limits of the hot- 
rolled and cold-drawn bar are 16 and 20 tons per aq. in. res^ctively. 
For the fully annealed metal the value is 14-5 tons per sq. in. 

In common with other members of the nickel-chromium-iion 
group of alloys, Inconel has great stn>ngth and resistance to oxidation 
at elevated temperatures, as showm by the short-time test results 

given in Fig. 107. ^ 

Inconel is annealed after heavy cold- working by heating to 980° C. 
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for 10 to 15 min. At 535^ C. the internal stra-^ses are relieved to some 
extent ; at 700" C\ they are fully relieved. The mode of eooling from 
these temperatures is unimportant ; quenching or furnace cooling both 
produce proper softeuing. The alloy may be bent or pressed without 
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difhculty, as if is (juite ductile and doi^s not work harden \cry 
rapidly. 

In machining Inconfl a good deal of heat is usually developed, so 
that liigh-speed tools require careful heat -treatment and grinding. 
For ordinary lathe work low cutting speeds are necessary, namely, 
about 45 ft j>er min. with J in. cut and in feed llie alloy nia<*hines 
uniformly and does not drag or tear with properly d(*sign(‘d tools 
and shar]) (slges 

Inconel can be soft soldered with ordinary tinsmith's solder, using a 
neutral zm( chloride solution as a flux. It can be welded by the oxy- 
acetylene and metallic arc methods without difficulty, using special 
flux and feeding rods (or flux-eoated filler rods) m the former method. 
In electric arc welding flux-coated electrodiss are employed and the 
work is made negative. 
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Applications of Inconel 

On account of its high mechanical strength properties and corrosion 
resistance at ordinary and elevated temperatures, Inconel has a wide 
range of engineering and industrial ajjplications. 

In engineering work it is employed tor springs which are used under 
conditions of elevated temjXTature and exposure to corrosive action. 
The alloy is so ductile that it can be wrapped around its own diameter 
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without fractur(‘. Jnconcl springs are frequently used at temperatures 
of 4(Kr(\ For maxinnun resistam^.* to fatigue or high temperature 
Inconel springs should be heated after fonning for 2 hours at 375° C. 
to 4()0 ’(\ 

Inconel is also us<‘d for the (jrkaust manifolds of aircraft engines. 
A typical exam})le of its em})loyment is for the ejector-type manifolds 
of Rolls Royce ‘'Merlin" engines; it is well suited for this purpose, 
being unaffected by the hot exhaust gases which readily attack ordinary 
steels. 

Corrosion Resistance 

Inconel has a very high resistance to corrosion and tarnishing by 
most acids and alkalis, and on this account is used for containers and 
fittings for food manufacture — particularly where dairy products and 
fruit juices are involved. The chromium content makes it superior 
to pure nic‘kel for these ])urix)ses. However, the oxidizing effect of 
dissolved air alone is not sufficient to ensure complete passivity and 
freedom from attack by air-saturated mineral acids or concentrated 
(T.5303) n 
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organic acids. The alloy, however, remains bright indefinitely in indoor 
atmospheres and is immune to corrosion in sulphurous outdoor 
atmospheres. Whilst highly resistant to moving salt water it may 
become pitted in quiet or stagnant salt water. It is unaffected by dry 
gases at atmospheric temperature, but is not resistant to wet chlorine, 
bromine or sulphur dioxide. It is completely resistant to mixtures of 
steam, air and carbon dioxide and is especially useful in contact with 
steam at temperatures in excess of 425° C. 

Inconel resists progressive oxidation at temperatures up to 1 100° C. 
and for this reason is employed for the sheathing of electric heating 
elements. 

The Nickel Silvers 

This group of alloys contains nickel, copper and zinc and may be 
regarded as nickel brasses. It includes alloys previously known as 
German silvers^ although these do not contain any silver but are of 
silvery- white appearance. 

The compositions of nickel-silver alloys cover a fairly wide 
range, namely; copper from 50 to 65 per cent; nickel from 7 to 30 
per cent, and zinc from 10 to 25 per cent. In many of these alloys the 
chief purpose of the nickel is to produce a fine white colour whilst at 
the same time improving the mechanical properties, notably ductility 
and toughness ; it also renders the metal more corrosion-resistant 

Table 74 shows the tensile strengths of a number of nickel-silver 
alloys, as tested in the form of rolled strip* — 


TABLE 74 

Tensile Properties of Nickel-silver Alloys 
(Tests on Strip) 


Percentage C Composition 

Condition 

Tensile 
Strength 
'Foils per 
sq. in. 

Elongation 
per cent 

Ni 

Cu 

1 

1 Zn 

30 

47 

23 

Hard 

58-0 i 

2 

30 

47 

23 

Annealed 

32 5 

32 

25 

55 

20 

Annealed 

31 5 

38 

18 j 

64 

18 

Hard 

. 42-0 

2*5 

18 1 

64 

18 

Annealed 

260 

33 

18 

55 

27 

Hard 

47*8 

2 

18 

55 

27 

Annealed 

30-8 

29 

10 

62 

28 

Hard 

41-0 

4 

10 

62 

28 

Annealed 

28 0 

48 


* Bureau of Information on Nickel. 
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Nickel silvers may conveniently be grouped into two principal 
classes, namely, the alpha and the alpha-beta ones. 

The alpha alloys are those containing copper and zinc in the 
approximate ratio of 70 to 30, with nickel varying from small 
percentages up to about 30 per cent. The most useful alloys are 
those of the higher nickel content. These alloys can be cold- 
worked, stamped and drawn with excellent results, but occasional 
annealing is necessary for deep drawing and pressing. The alpha 
nickel-silver alloys usually have heavy composition gradients in the 
cast state but such gradients are not got rid of entirely by working 
and annealing. 

The annealing temperature is from 650° C. to 750° C. 

The alpha -beta nickel-silver alloys have the characteristics of the 
alpha -beta of the copper-zinc system but modified by the presence of 
nickel. They possess good strength properties and actually constitute 
high tensile nickel brasses. 

In regard to their fabrication, these alloys can be extruded, hot 
stamped and otherwise worked in a similar manner to alpha-beta 
brasses. A typical i)ercentage composition is as follows : copper, 45 ; 
zinc, 45 , and nickel, 10. The Brinell hardness of strip nickel silvers of 
10 to 30 per cent nickel content range from about 75 to 90. 

Concerning the applications of nickel silvers, these are used where a 
high-strength, ductile and corrosion -resisting alloy is required having 
a silvery -white colour; the latter is obtained wdth the higher nickel 
content. 

The principal commercial uses of nickel silver are as castings for 
valves and other plumbing fittings, ornamental hardware, marine hard- 
ware, automobile fittings, typewriter parts, musical instruments, and 
as a foundation for spoons and forks, etc., which are afterwards silver- 
plated (K.P.N.S ). In the case of castings and other alloy parts that 
have to be machined it is the practice to add lead for this purpose. 
When thin section castings are required aluminium, in small quantities, 
is added, but the resulting castings have a tendency to minute porosity 
such that they will not withstand water pressure without leaking. 

Some typical compositions of nickel silvers for specific purposes 
are given in Table 75. 

Nickel Alloy for High Temperature Use 

An alloy used in certain furnaces where firebricks are held together 
by means of bolts, and the excessive temperatures previously caused 
failure of these bolts under severe corrosive influences, is one containing 
96 per cent of nickel and 4 per cent of manganese. This alloy, under 
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TABLE 75 

Nickel silver Alloys 


Alloy 

Ni 1 

Cu 

' Zn 1 

i 

1 

Others 

Hardware 

18 

50 

32 

~r~ 


Aluminium (as flux) 







0 5 

Valves and plumbing 







fitting*? 

16 5 

49 5 

26 


7 .') 



20 

59 

10 

7 

4 


Automobile fittings 

24 

56 

13 5 


3 

Aluminium 2, Iron 






up to 1 0 

Ingot metal 

12 

59 

29 




Brazing solder 

8 20 

35 40 

40 55 

— 

- 



the conditions stated, becomes coated with a protective film of man- 
ganese oxide. Tt can be either cast or forged and a specimen bolt of 
the metal has been bent through 180" without fracture. 

Nickel Coinage 

Although not employed in this (‘ountry this represents one of the 
oldest applications of nickel. The principal interesting development 
of recent time& has been the substitution of pufe nickel coinage for the 
older nickel-copper coinage started about 1850. Several countries, 
including Canada, have within the jiast few years ado})tcd a pure 
nickel coinage, and are finding it better than the copper-nickel compo- 
sition. Tt is hard, very resistant to wear, and gives a very clean coin 
Because of its hardness and high melting point, it is difficult to '^•ounter- 
feit, in this connection a magnetic test can be used to detect spurious 
coins In all, there are about seventy-five countries throughout the 
world using some type of nickel coinage* 

Sparking Plug Electrodes 

High nickel alloys ha\e proved among the most suitable for aircraft 
and automobile sparking plug electrodes on account of their erosion 
resistance and low sparking voltages, l^ire nickel is often used , or an 
alloy consisting of 97 per cent nickel and 3 per cent of manganese. 
Nickel -alloy electrodes have more recently been superseded by 
platinum -iridium alloy ones. 

Nickel-barium Alloys for Sparking Plug Electrodes 

When from 0-1 to 0*2 per cent of barium is added to nickel it has a 
somewhat similar effect upon the nickel as the same percentage of 
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carbon has on iron . The resulting alloy has a greater resistance to the 
action of hot corrosive gases than nickel, as indicated by the results 
given in Fig. 109.* The hardness and tensile strength are increased by 
the small barium content. Further, there is a marked increase in the 
thermionic electron emission from the alloy as compared with nickel, 
which is one of the properties that has led to its extensive use for 
sparking plug ele(*trodes and also for wireless valves. The inclusion of 


2 to 4 per cent of chromium in 
this allo^’' has also been found to 
increase the total emission from 
a given surface. 

The 1-5 per cent nickel - 
barium alloys are ductile and are 
readily rolled or drawn into fine 
wire or ribbon, with a bright 
smooth nickel-(*oloured surface. 

Nickel Plating Other Metals 

Various common metals can 
be given a coating of nickel b> 
the electro-])lating method, as a 
protection against corrosion and 
for enhanced appearan(‘e pur- 
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])OSOS. 

More recently, however, chromium plating has to a large extent 
replaced nickel plating for both purposes, but it is generally necessary 
fo employ nickel undercoatings, thus, practically all automobile 
})arts are nickel jilated prior to chromium plating. The nickel layer 
then inhibits corrosion and at the same time affords a satisfactory 
key to the base metal. It should tie mentioned that for decorative 
purjioses the layer of chromium is extremely thin, i.e. of the order of 
0-00002 in., and all metals m hen so deposited are porous. The pores 
therefore give access to the corrosive media and allow them to attack 
the base metal unless it is fully protected. This can be effected with 
entire satisfaction by using a relatively thick underlay of nickel. In 
regard to the adlu'sion of nickel to the base metal, by careful attention 
to the initial cleaning, removal of grease, etc., followed by anodic 
etching, it is possible to obtain adhesion values of 30 tons per sq. in. 
and over ^hen nickel is electro-deposited on steel. Corresponding 
high adhesion values are obtained for other base metals. 


* “Alloys of Barium and Nickel,*’ D. W. Randolph, Metal Industry, 16th 
November, 1934. 
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Articles for indoor use are given a coating of nickel about 0*0006 in. 
thick, and this coating is covered by one of chromium 0*00002 in. 
thick. For outdoor use the nickel and chromium coatings are 0*001 in. 
and 0*00002 in. thick respectively. 

The physical properties of the nickel now used for plating are 
similar to those of the pure rolled nickel (malleable grade). 

Bright Nickel Platiag 

The more recent developments include those of fast -plating, 
automatic machinery and the employment of bright nickel plating, 
the adoption of the latter process reduces the buffing (*osts by as much 
as 26 per cent. 

Briefly, the bright plating method depends upon the existence of 
an initially bright surface on the metal to be plated and the inclusion 
of organic compounds which encourage brightness by colloidal action, 
preventing the growth of large crystals of nickel and limiting the grain 
syse to less than one-thousandth of a millimetre. A sulphate solution 
containing nickel and cobalt is employed, roughly in the proportion 
of ten of the former to one of the latter. The colloidal brightening 
agents are formaldehyde and sodium formate. The Ksolution uorks 
hot and current densities up to 100 amperes per sq. ft. of cathode 
surface have been attained, using 16 per cent cobalt -nickel anodes. 
The pH figure is elastic, ranging from about 3 to 4*5. Dej)()sits of any 
thickness can be built up and still remain bright and ductiks due to 
the presence of the co-deposited cobalt, present to about 10 j)er cent 
by weight of the deposit. 

Several interesting features about the deposit make it an ideal 
undercoat for chromium plating. The alloy doc s not become passified 
or etched by chromic acid, thus increasing the pottmtial covering power 
of the chromium. Previously this phenomenon of passi\ity had been 
the cause of indifferent throwing power and of stripped dej)osits on 
‘‘straight’’ nickel. The electrical conductivity of the new alloy is 
greater than deposited nickel, and the presence of the cobalt ensures 
a much longer life against corrosion. 

An important phase of this process is the preliminary cleaning ol 
the surface before the nickel is deposited. The cleaning methods have 
been so improved that it is feasible to deposit nickel directly on the 
base metal. Copper is often used as a base for nickel in several applica- 
tions, one of which is the nickel plcUiruf of zinc alloy die-castings. 



CHAPTER VII 

BEARING METALS AND OTHER MATERIALS 

There is now a wide range of alJoys employed for the bearings of 
machines, engines, and the shafts of rotating parts in general, as well 
as for sliding members, such as piston rods and crossheads. 

The selection of the particular type of bearing metal depends upon 
the conditions under which it is to be used and involves factors relating 
to bearing pressures, rubbing speeds, temperatures, impact or pounding 
effects, lubrication, etc. 

In the present considerations the bearing materiuls for rotating 
shafts of machinery and engines are given the more prominent atten- 
tion, and particular reference is made to the bearing requirements of 
automobile and aircraft engines 

Before passing on to the actual subject of bearing metals and 
certain otlier materials of a non-metallic nature, it may be of interest 
to consider in brief the desirable qualities of such bearing materials 
from the point of view of selecting the most suitable one for a particular 
purpose. 

Some General Considerations 

The desirable properties of a satisfactory bearing material may be 
summarized as follows: (1) Low coefficient of friction, (2) good 
wearing qualities , (3) ability to withstand continuously the bearing 
pressures, wdiether of a steady or variable nature: in particular 
impact or pounding action; (4) ability to operate satisfactorily with 
suitable lubrication means at the maximum rubbing speeds to which 
it will be subjected in practice; (5) sufficiently high melting point; 
(6) high thermal conductivity, (7) good casting qualities; (8) the 
desired degree of plasticity under load for its particular application ; 
(9) minimum shrinkage after casting, (10) non-corrosive properties* 
(11) economical in cost and quantity employed. 

Coefficient of Friction. In order to avoid waste of energy in power 
transmission, the frictional loss must be kept down to a minimum. 
Since this loss is dependent upon the value of the coefficient of friction 
between the lubricated shaft and its bearing, it is necessary to keep the 
coefficient value down to a minimum. In this connection the coefficients 
of friction of journal bearings usually lie between the limits of 0*(X)15 
and 0*02 under working conditions of loading, speed and lubrication. 

225 
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The effects of inadequate lubrication, as when starting engines from 
cold or under conditions of temporary overheating, must be provided 
for in most bearings and the influence of these factors on the frictional 
coefficient determined. 

A knowledge of the bearing friction also involves the viscosity of 
the lubricating oil, angular velocity of the shaft or bearing and the 

bearing pressure. Thus the coefficient 
friction of a lubricated bearing is given 
by the following relation — 


Dry fr«cf<on 





-3*8 


I 


TjW 

P 


Polhl of Inflectior 


Rubbing speed v(a>) 


Fio. 110. Relation between 

FkTCTIONAL OoEiMOIPNT AND 

RuBBiNfj Speed 


where rj — oil viscosity, w — angular 
velocity, p — load per unit projected 
area of bearing = total load : length 
X diameter of bearing. 

It will be observed that the coeffi- 
cient iiKTcases with the viscosity and 
angular velocity, but diminishes with 
increase of pressure — owing to the 
reduction in thickness of the oil film. 
The formula stated, whilst applicable to normal running conditions, 
does not hold for starting or low rubbing speeds. In this connection 
the results of tests by Gumbel and Stribeck, reproduced in Fig. 110,* 
show that the dry frictional coefficient at ^4 is considerably higher than 
the normal value at Z), falling progressively as the speed increases. 
If the fluid friction at D persisted until the speed fell to zero the curve 
would follow the dotted line. As the oil becomes thinner, however, 
the point of inflexion C is reached where the first contact between the 
high spots on the bearing and shaft occurs. With further decrease of 
speed dry friction occurs to an increasing extent and below B exceeds 
the fluid friction, thereafter increasing until at zero velocity it reaches 
the normal dry friction value A for the metals of the shaft and journal. 
Actually, there is always a small amount of lubricant on the surfaces, 
and the zero frictional coefficients in practice correspond to what is 
known as “ boundary ” lubrication conditions when tlu^y are appreciably 
less than for the dry condition Such boundary conditions are liable 
to occur in petrol engines between the pistons and cylinder w^alls.f 
Resistance to Wear. A bearing material must be sufficiently hard to 


♦ “Lead Bronze lioanngs,” C.D.A. Publication No. 33. 

t Atrcra t EngineSt Chapter VITI, Vol. TT, A. W. Judge (Chapman & Hall, Ltd.). 
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give long wearing qualities, but must not be hard enough to cause 
wear of the shaft. This condition leads to the conclusion that the 
selection of a bearing metal is governed to some extent by the metal 
used for the shaft and its physical condition. Thus for unhardened 
steel shafts the softer lead-containing bearing metals are applicable, 
whereas for a case-hardened or nitrided steel shaft the harder high- 
tin content phosphor-bronze or other copper alloy bearing metals 
would be employed. 

The bearing metals belonging to the tin -base and lead-base ^^‘lasses 
are generally considered as providing two major constituents, namely, 
a softer plastic matrix containing 
a relatively large number of hard 
grains or particles embedded m 
it. The hard particles resist the 
wear and abrasion of the shaft 
whilst the softer matrix allows 
the bearing to accommodate 
itself to the shape of and load 
on the shaft and also on account 
of its deformation — by plastic 
flow — to accommodate itself to 
a certain degree of non-align- 
ment between the shaft and its 
bearing. 

Fig. Ill illustrates the 
general kind of structure of an 
ordinary whitenietai, with the Stritctitre oj, Whitembtal 

harder antimony-tin cubical 

crystals or copper -tin needles in relief, shown against the softer plastic 
matrix consisting of a eutectic of the metals. 

Bearing metals of this class are definitely better than any single 
homogeneous metal or alloy since, if hard enough to give satisfactory 
wearing qualities and a low coefficient of friction, it is not sufficiently 
plastic to take account of imperfect alignment, so that the load is 
supported on a few local areas and eventually the oil film may break 
down and possibl}^ cause seizure and scoring of the journal. 

Bearing Pressures. The bearing material must possess sufficient 
compressive strength at its normal running temperature to withstand 
the bearing pressures without fracture or appreciable distortion, e.g. 
end flow. It must, however, not have an excessive strength since a 
certain degree of plasticity is generally desirable for the reasons 
previously stated. The exception to this rule is that of hard bearing 
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materials, such as the bearing bronzes which are employed for accur- 
ately aligned bearings. 

The bearing pressure is usually expressed as the total load on the 
bearing divided by the projected area, i.e. the length X diameter. 

The bearing pressures in engineering practice range from the lower 
i values of 100 to 500 lb. per sq. in. for heavy loads and low shaft speeds 
in cases where the lubricating film cannot be maintained, up to the 
higher values of 1000 to 3000 lb. per sq. in. for pressure-lubricated high- 
speed bearings of aircraft and automobile engines. 

In the case of line shafting and machine tool bearings which may have 
to operate under sparse or uncertain conditions of lubrication, the 
bearing pressures are kept low to obviate mechanical failure and limit 
the temperature rise of the bearing. In such applications for steel and 
bronze combinations the bearing pressures seldom exceed 300 lb. per 
sq. in. 

Since the rubbing speed is also concerned in any considerations of 
bearing design, it is usual to regard the product of the rubbmg speed 
(in feet per min.) and the maximum bearing pressure (in lb. per sq. in.), 
Tcnoum as the PV factor^ as an indication of the loading on any par- 
ticular class of bearing. Although this faccor is not alnays a good 
indication, if the bearing is designed on sound lines with a proper 
knowledge of lubrication requirements it affords a useful method of 
assessing the value of a bearing material in any particular application. 
It must, ho\\ever, be remembered that viscous drag on the oil film 
builds up oil pressure in well -designed bearings so that high loads 
may be carried at high speeds — a condition that does not exist in 
heavily loaded low-speed bearings 

Aircraft and Automobile Bearing Pressures. In regard to the bearing 
pressures employed in modern aircraft and automobile engines, values 
up to 1500 lb. per sq in. have been used for high grade tin-base white- 
metals with corresponding PV values up to 40,000 ft. -lb. -min -sq in 

For lead-bronze bearings values up to 2800 lb. per sq in in the 
case of high-speed C.l engmes have been satisfactorily employed ; the 
bearings in this case were steel-backed ones with copper-lead bearing 
metal. The corresponding PV values are 65,000 to 75,000. 

Copper-silver alloy bearings have been used in America under 
loads of 2000 lb. per sq. in. and PV values up to 70,000. 

The progress made in connection with aircraft engine big-end and 
main crankshaft journal bearings over a ten-year period is illustrated 
in Fig. 112.* The standard production engines will run satisfactorily 

* “Materials of Aircraft Construction,” H J. Gough, «/ourn Hoy Aeron Soc., 
26th May, 1938. 
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under overload conditions for a limited life; the points marked (a) 
in Fig. 112 relate to such a test, whilst those marked (6) refer to a 
racing engine of 5^ hours’ useful life. 

Melting Point. The melting point of the bearing metal must not 
be too low, since accidental momentary heating of the bearing due 
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to operating conditions will cause a serious loss of strength properties 
and may result in the plasticity becoming sufficient to cause the metal 
to flow sideways from the bearing so that ultimate seizure may occur. 
If too high, casting difficulties are likely to be met with. 

Permanent Plasticity. The plasticity of the hearing metal should 
not be affected by working pressures and temperatures, and the alloy 
used must not work-harden under its bearing loads and impacts, 
otherwise it is likely to lose its initial plasticity and will not yield in 
the areas of greatest local loading pressure. Some of the whitemetals 
possess the desirable property of continuous self-annealing at their 
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working temperatures, when these are well below the melting points, 
so that the plasticity is of a fairly permanent nature. 

Thermal Conductivity. The heat developed in a bearing should be 
readily conducted away through the bearing metal to its housing, thus 
keeping the bearing mental as cool as i)ossible. Those alloys with the 
higher thermal conductivities, eg the copper ones, are advantageous 
in this respect. 

Temperature Effects. In the case of bearings used in automobile 
and aircraft engines the high pressure lubricating oil is passed through 
the main and big-end bearings at a sufficiently high rate to ])revent 
the temperature of the bearing metal from exceeding about 70° to 
90° C. The strength properties of the high -tin content and load-bronze 
alloys are generally ample und(T these conditions, but in instances 
where bearings may exceed these temperatures a serious loss of strength 
and hardness is liable to o('cur 

The effect of elevated temperature upon the strength ])roperty of 
a high-tin whitemetal having the folKming ])ercentage com])Osition is 
shown by the results given m Table 70.* Sn, 92-3, Sb, 3-7S, 
Cu, 3-55, Pb, 0*30. The casting temperature was 450 ’C and mould 
temperature 20° C 


TABLE 70 

Strength of WinTEMET4E \t Elk\ \tei) TKMPKRVTrREs 


Test 

Teniperatuie, 


18 

50 

100 

150 

17.-) 


iVlttxiuiurii 

Tons prr s(j 
in 


4 25 
:i 6 
2 ;i8 
1 7 
1 2 


j Viold Point 
Tons pci scj 
I in 


2 S“> 
I o-> 


I Elongation, 
per cent on 
4 > V 

20 5 
20 

21 
;i2 
30 


Hcduction 
in Area 
pt^r ( ent 


24 

34 

31 

38 

41 


It will be observed that the tensile stnmgth and >i(‘ld point fall 
to a notable extent as the temperature is increased, so that at the 
boiling point of water the .strength is a little over one-lialf that at 
normal air temjierature The ductilit 3 ^ and plasticity increase as the 
temperature is increase^d, as shown by the elongation and reduction 
in area values 

* “Whitemetal Bearing AlloyH at EIevatc<l TcmpcratuicM,” H (irconuood 
Tech. Fuhln, Internal Tin Research and Devcl Council^ August, 1037. 
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In regard to the effect of temperature upon tfie hardness of bearing 
metals this is even more marked in the case of the tin -base and lead- 
base alloys, but to a considerably less extent in the high-performance 
alloys such as the lead-bronzes, aluminium -base and cadmium-base 
alloys. The latter bearing metals have from two to three times the 
hardnesses of the whitemetals at air temperatures, and even at tem- 
peratures as high as 200° C. the aluminium -base and lead-bronzes 
usually have higher hardness values than those of the tin-base alloys 
at air temperature. 

The compositions and hardnesses at temperatures of 20° C., 100° C. 
and 200° C. of some typical bearing metals, including the more recent 
high-performance ones employed on aircraft and automobile engines, 
are given in Table 77. 

Fatigue Cracking. Many of the tin-base bearing alloys, known as 
whitemetals, when employed under seven' conditions of service, 
notably ext'essive loadings or impacts, fail by a process knowm as 
fatigue cracking. ^The usual indi^'ation of the commencement of this 
mode of failure is the appearance on the surface of a series of fine 
cracks forming a kind of network. Afterwards the cracks spread in- 
w^ards and also sideways until finally they extend right through the 
metal and then small pieces break away eventually causing failure of 
the bearing ; this mode of failure was experienced in the early days of 
the high-s])eed CM. engine, owing to the severe load.s and load varia- 
tions during the working cycles This tyjie of failure is associated w ith 
the fatigue range of the metal and is influenced by the existence of 
tensile stresses which act so as to reduce the fatigue range and thus 
cause eventual failure. Those bearing metals with the higher fatigue 
limits ar(' therefore more suitable for application in conditions causing 
failure in whit ('metals of the type deserilied. Tn this connection the 
modern lead-bronze alloys are markedly superior to the best white- 
metals. 

The addition of cadmium to certain whitemetal compositions has 
be(?n shown to increase their fatigue range , thus, 1 per cent of cadmium 
added to a tin-base alloy will raise the fatigue limit by about 0*4 ton 
per sq. in. 

A useful indication of the condition of tin-base alloys can be 
obtained by etching test bearings after service so as to show’ up the 
giain structure. Tlu' presence of large and non-uniform grain structure 
and cracks along the grain boundaries reveals the initial conditions 
associated with ultimate failure. On the other hand absence of such 
failure conditions is indicated by a fine uniform grain structure. 

Adhenon to Bearing Shell. In the majority of instances, the 




composition 



BBAEIKG METALS AND OTHEB MATBBIALS 


233 


whitemetals and lead bronzes are used as linings to steel or bronze* 
shells. It is essential, therefore, that the bond between the bearing 
metal and its shell should be as strong as possible. In this respect 
certain alloys used for bearing purposes are much better than others. 
The high-tin content whitemetals will adhere to their bearing shells 
and to steel connecting rod big-ends if the metal of the latter is 
thoroughly cleaned and tinned beforehand. Again, the cadmium -rich 
bearing metals are found to adhere strongly to steel shells. 

Alloys which show excessive shrinkage during solidification are 
unsatisfactory for use with bearing shells since it is v^ry difficult to 
obtain proper bonding of the two metals, and any appreciable temper- 
ature increase in service tends to separate them. 

Metals for Bearings 

The various desirable properties of a bearing are in general depen- 
dent upon (1) the chemical com position of the alloy used, and (2) the 
microstructure or arrangement of the constituents ; the latter property 
is to a large extent governed by the casting methods used in making 
the bearing. 

The principal metals employed for various classes of bearings used 
in engineering applications include tin, lead, copper, antimony, zinc, 
nickel, silver, and cadmium. 

The more widely used bearing metals may conveniently be grouped 
into four principal classes, namely, as follows: (1) Ti n-fiu se Alloys \ 
(2) Lead-base Alloys \ (3) Copper-base Alloys ; (4) Special alloys for 
specific ITpplications, c.g. high-duty purposes. 

Tin-base Alloys 

These bearing metals include those containing the greater pro- 
portion of tin, with copper and antimony, and are known as the 
Whitemetals; they include the well-known Babbitt metal,* having 
approximately the following composition : Tin, 83*3S; antimony, 8*33 ; 
copper, 8*33 per cent. 

When small proportions of copper, exceeding 1 per cent, are added 
to tin the resulting alloy has a microstrueture consisting of needle-like 
crystals of a copper-tin compound having about 60 per cent of tin, 
embedded in a matrix consisting of a eutectic mixture of tin with a 
small amount of copper-tin compound ; the latter is designated by the 
letter e in the equilibrium diagram (Fig. 113). f 

If, on the other hand, antimony is added to tin then if the amount 

♦ First introducGfl by Sir Isaac Babbitt in 1839. 

t C. T. Hoycock and F. H. Neville (PhiU Trans, Roy, Soc,, 1903, 202, 1). 
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is below 7 per cent a solid solution only is obtained. When more than 
7 per cent of antimony is present the resultant alloy consists of cubic 
crystals of antimony-tin in the solid solution. 

Each of the two binary alloys of tin, with copiw and lead respec- 
tively, consists of harder constituents in a softer matrix, but unfor- 



PER CENT COPPER 

Fk» 113 Kqi fLiBRiuM Diagram FOH CoppKR-TiN VV'aircMr.i ai s 

tunately neither aJloy is entire!;^ 8atis£u‘tory as a bearin^j^ metal, so 
that it is necessary to includp both copj^er and antimony in the tin in 
order to obtain the desired bearing metal properties. 

When less than 7 per cent of antimony, with 2 to 4 per cent of 
copper, is pre.sent in the tin, the alloy obtained consists of a softer 
matrix in which needle-like crystals of the copper-tin compound are 
embedded ; the matrix consists of a mixture of this compound with 
antimony-tin solid solution together with some tin. 

A typical bearing metal* of this class contains 3*5 per cent each 
“Bearing Metals,” W. T. OnffithH, Proi Just Alattne 1925-6. 
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of copper and antimony with the rest of tin. It has a tensile strength 
of just over 5 tons per sq. in., with 11'5 per cent elongation (on 2 in.) 
and a Brinell hardness of 26. In compression the yield point is 3-6 
tons per sq. in., and it requires a compressive stress of 14*7 tons per 
sq. in. to compress a specimen to one-half of its length. 

If the percentages of copper or antimony are increased above 3*6 
and 7*0 respectively, the hardness of the metal is increased, but 



Fi(,. 114. 8thf(^ti7hi. oil Ti\*antim*in v -coitlk Alu)\. » 100 


owing to the brittleness of the crystal constituents there is also greater 
brittleness in the resulting alloy. For this reason the antimony is 
usually kept clovn bt*loH It) or 12 7 )er cent. 

Another type of alloy is obtained if more than 7 ])er cent of anti- 
mony is employed when the cubic* crystals of ant imony-t in compound 
are obtained. In the binary alloy of antimony and tin these crystals 
begin to .separate first from the molten alloy and, being lighter, collect 
near the surface. In the ternary alloy, however, tlie needle-like crystals 
of copper-tin are the first to solidify and these prevent the cubic 
antimony-tin crystals Irom moving to the surface, so that a more 
uniform di.stribution throughout the matrix is therefore obtained. 
Fig. 114 illustrates the microstructure of a typical ternar}’^ tin-base 
alloy consisting of S7 per cent tin, 9 per cent antimony, and 4 per cent 
copper. It shows the cubes of tin-antimony and needle-crystals of 
copper*tm embedded in the softer matrix consisting largely of tin. 
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An alloy consisting of 10-6 per cent antimony, 3*6 per cent copper, 
and the rest tin has a tensile strength of 6*6 tons per sq. in., elongation 
of 7*1 per cent, with Brinell hardness of 33*3, and compressive yield 
point of 4*3. It requires a compressive stress of 17‘2 tons per sq. in. 
to reduce its length to one-half. 

An alloy containing 1 1 per cent each of copper and antimony, with 
the rest tin, belongs to the so-called ^"plastic metals ^ The effect of 
the higher copper content is to extend the temperature range between 
the first separation of the crystals and complete solidification. During 
this stage the metal, which is then a mixture of solid and liquid, is in 
a pasty condition, and can be moulded to any desired shape; it is 
therefore useful for bearing repair purposes. 

The high tin content \^hitemetals of the class considered have wide 
applications for engineering bearings, in conjunction with steel or 
bronze shells or journals, but on account of the high proportion of 
tin are relatively expensive. 

Effect 6i Lead in Whitemetals. In order to reduce the expense, 
lead is often added to the ternary alloys previously mentioned. Since 
lead does not form any compounds or solid solutions with the tin, it 
is present in the resulting alloy either as fine globules of lead or as 
part of the intimate eutectic mixture comprising the matrix 

The general effect of lead additions to high tin whitemetals is to 
reduce the hardness and result in an almost complete loss of elongation. 
It is also claimed to reduce the firictional coefficient 

A typical alloy of this class has the following percentage compo- 
sition: Sn, 80-0; Sb, 11-0, Cu, 3*(>; Pb, 6*0, The tensile strength is 
5*7 tons per sq. in., with zero elongation and a Brinell hardness of 32 
The yield point in compres.sion is 4*6 tons per sq in , and the compres- 
sive stress necessary to reduce the test specimen to one-half its length 
is 17*5 tons j>er sq. in. 

Thin Whitemetal Linings. Normally, in the case of whitemetal- 
lined steel shell bearings the thickness of the whitemetal is from 0*030 
to 0*050 in., the shell thickness being from 0 050 to 0*075 in. As the 
bearing itself is subjected to a bending effect the whitemetal is in 
compression and tension alternately, with the maximum stress value 
at the surface. The neutral axis of bending is then situated in the 
steel portion. Thus the whitemetal experiences the whole range of 
stress reversals due to reversed bending. 

In more recent shell-type bearings for main and big-ends of con- 
necting rods of automobile engines it has become the practic'e to reduce 
the thickness of the whitemetal to 0*002 to 0*004 in., and although the 
maximum surface stress remains the same, the steel backing takes 
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most of the other stress. The supporting shell enables the local high 
stresses in the whitemetal to be redistributed to itself. If a thin lining 
of this type should fail through lack of lubrication and run, there will 
still be only a small amount of clearance between the shaft and steel 
shell, so that the engine could continue to operate for a further but 
limited period, if suitable lubrication were provided. 

The tri-fabricated bearings mentioned on page 24b have an advan- 
tage in this respect, namely, that in the event of the whitemetal 
running out the lead bronze provides a good bearing metal for the 
steel shaft. 

Lead-base Bearing Metals 

The lead-base alloys used for bejiring purposes contain lead in 
place of tin, together with between 10 and 15 ])er cent of antimony, 
up to about 1*5 per c.ent of copper, and up to about 20 per cent of tin, 
although the usual percentages of tin lie between 2 and 10 

Without the tin content these alloys consist of cubic crystals of 
antimony in a matrix of antimony-lead eutectic. The presence of tin 
results in the replacement of the cubic crystals of antimony by the less 
brittle cubic ones of a solid solution of an antimony -tin compound in tin. ^ 

The lead-base alloys are cheaper than the tin -base ones, but are 
not as strong and do not possess the load -carrying capacity, so that 
they are generally emidoyed for lightly-loaded bearings; moreover, 
their strength falls more rapidly with temperature increase than the 
tin-base alloys. The lead-base alloys are softer and more easily 
deformed. Further, more care is necessary in casting them owing to 
their higher (molten) viscosity. These bearing alloys are generally 
claimed to have lower frictional coefficients than the tin-base ones 
and rather better wearing qualities. 

In the case of the binary lead-antimony alloys the frictional 
coefficient is relatively quite low and the alloys containing up to 
about 20 j>er cent of antimony have good casting pro|)erties with little 
shrinkage. The hardness of the lead is increased from its normal value 
of 4 04 the Brinell scale progressively, up to about 21, with increasing 
proportions of antimony up to 20 per cent. The addition of tin increases 
the hardness as shown by the values given in Table 78. 

With the addition of antimony the melting point falls from that 
of pure lead, namely, 327° C. to about 230° C. for the 12 per cent 
antimony-lead (eutectic) and then increases according to a linear law 
up to 630° C. for the pure antimony. 

A 7 nore recent lead-bdse alloy* used in the United States and claimed 
* AiUornotive Induatriea, 16th July, 1941, 
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Hardness Properties of Lbad-tin-antimony Alloys 


Composition, per cent 

Lead ^ Tin Antimony 

Brinell 

Hardness 

Heinarks 

96 

5 

1 5 

15 2 

1 

85 

10 

1 ^ 

15 1 


80 

15 

5 

16 7 


75 

20 

5 

180 


70 

25' 

5 

16 8 


65 

30 

1 

15 I 

i 

Tensile slrenglh a niaxiiniirn. 

85 

5 

10 

232 

being over 6 tons per square 

80 

10 

10 

25 4 

ineb 

75 

15 

10 

26 1 

l)u(lilit> a ma\inniin for tho 
senes 

70 

20 

1 

23 2 


65 

25 

10 

24 0 


80 

5 

15 

25 6 


75 

10 

15 

31 0 



70 1.-) 15 32 0 V 

65 I 20 15 27 6 | 

75 5 20 26 7 I High tensile strength, but bnt I lo 

70 10 20 37 0 \ senes. 

65 15 20 3>*(> / J^oaiings liable to (lack in 

70 5 25 27 S I service. 

65 ' 10 25 33 6 I 

65 5 30 2S H / 

to be equal to commercial tin-base allovs in all its j)hysi(*al j)rof)ertics 
contains 12*5 per cent antimony, 0*75 per cent tin and the rest lead. 
The additions of small amounts of cop|>cT, bismuth, cadmium, nickel 
and mercury cause no appreciable alteration in the desirable projierties 
80 that it was concluded that the alloy was insensitive to impurities 
of the usual small amounts 

The alloy has a fine granular structure and low coefficient of friction. 
The cast alloy had a Brinell hardness of 22. After heating for 46 days 
at 150° C. and cooling, this value fell to 19-5 The hardness value at 
150° C. was 10 

The cast alloy had tensile strengths at 25° C , 100° 0. and 200° C. 
of 4-47, 3*00 and 0-85 tons per aq. in. respectively 

Tests made on the composition stability indicated that this was 
very satisfactory, and its rate of dross formation relatively low. The 
alloy is stated to have a relatively high fatigue strength. 

Alkaline Earth Metal Additions, Attempts have been made to 



BfiARtNO MBl^ALS AND OtHER MAtBRULS 


239 


TABLE 79 

Typicai. Tin and Lead-basic Beabino Alloys 
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- 

85 
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86 
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- 
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Tensile strength 6*65 
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1 
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70 80 
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piston rod T)ackings, 
etc. 

Locomotive bcarinR 
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Dynamo 

aa 

22 
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For journal bearings. 

,S8 
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8 

0 r> 

For high-speed dynamo 







hearings. 

I’Ia.stic metal 

SO 

s 

10 

1 

i 
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Universal beariiijr 






plastic moulding. 

6 


TV 

16 
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metal 
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pose bearing metal 
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Fiiderwater 1 
whitemetal / 

70 

1 2 

- 
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Zn 
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Tsed for underwater 
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ha 
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- 
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automobile bearings. 

1 Mdting point, 240'' C. 
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89 

4 

— 
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load big-end and main 
bearings. 

A.S.T.-M. bearing 

91 
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i 

For crank-pin bearings 

metal 1 
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I 
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engines ; for lining 
shells ; most plastic 
of tin-base alloys. 
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75 

3 

10 

12 
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metal 4 






erv, maciiine tools, 
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tin-base allo^. 







Mo.st economiral of lead- 

A.S.T.M. bearing 

10 

— 
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15 

- 

base allo>s. Very ser- 

metal 7 

A.S.T.M. b earing 






V i<*eablo for general 
purpo.se8. Replaces 
high-tin Babbitte for 
eertain purposes. 

Cheapest of bearing 

— 

— 

85 

15 

— 

metals. Suitable for 

metal 1 1 






line shafting and use 
with softer steel shafts. 
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improve the strength proj^erties of lead- base alloys by the addition of 
alkaline earth metals such as those of barium, calcium, sodium and 
lithium. They are more difficult to cast but possess good compressive 
stress and hardness properties, but are not as strong as high tin content 
whitemetals : moreover they are subject to excessive loss of hardening 
constituents on remelting. 

A typical alloy of this class is the (lerman Bahnmetal, having the 
following percentage composition : Pb, 98-66 ; Ca, 0*7 , Na, 0-6 , 
Li, 0-04. The microstructure consists of hard intermetallic compounds 
of lead with sodium and cahuum, in a matrix of almost pure lead. 
The Brinell hardness is about 35. Other lead-alkali bearing metals 
include those known as Frary, Satco, Lurgi and Can. 

Bahnmetal does not lose its hardness v^ith rising temperature at 
the same rate as the tin-base and lead-base alloys and it possesses 
good anti-friction qualities. Tests made at the N.P.L. on Bahnmetal 
showed that it was unsuited to loads above 9(K) lb. per sq in. whereas 
a tin-base alloy liaving 82 per cent tin, 10-9 ])er c(‘nt antimony, 3-8 per 
cent copper and 3-1 per (ent lead ran satisfactorily under the same 
conditions of speed and lubrication up to a loading of 2,50() lb. |)er 
sq. in. 

Zinc-base Alloys 

Zinc has been used for the less ex}H*nsive bearing metals in place 
of tm, and in some resj:)ects these alloys resemble the bronzes in which 
zinc is added to provide sounder castings. The zinc*, houever, goes 
into solution in the copper-tin solution, increasing the hardness but 
reducing the strength properties, it also rais#‘s the value of the 
frictional coefficient. A typical zinc-base alloy used in (Jermany during 
the last w^ar, when tin \\as scarce, had the following jx^rcentage compo- 
sition limits. Zn, 87-97, Cu, 2-10, Al, 1-6; Pb, 0 4 

These bearing alloys possess practicall}/ no ductility, and owing to 
the difficulty in bonding with steel or bronze bearing shells it is 
necessary to make the complete bearing block of the alloy. The 
coefficient of friction is about three times as great as for tin -base 
whitemetal and the bearing pressure limit is about 350 lb. per sq. in ; 
under these conditions these zinc-base alloys apjiear to be suitable 
only for lightly loaded Ix^arings under adequate lubrication conditions 

Copper-base Alloys 

This important group of bearing metals includes the bronzes 
(copper-tin alloys with or without small proportions of phosphorus, 
nickel, lead, zinc, etc.) ; the bearing brasses (copper-zinc alloys with 
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or without small additions of other elements) ; the copper-lead alloys 
known as lead bronzes ; the aluminium and silicon bronzes. 

In general the copper-base alloys are very much harder and stronger 
than the whitemetals previously described. They will withstand heavy 
bearing pressures and pounding action without distortion but, on 
account of their lack of plasticity, must be employed in accurate 
alignment in respect of the journals. Further, owing to their hardness 
they cannot be used satisfactorily with unhardened steel shafts, except 
in special cases where high pressure lubrication is maintained con- 
tinuously. The bronzes and brasses employed for bearing purposes 
have higher coefficients of friction than the whitemetals. Unlike the 
latter, however, these harder bearing metals cannot be cast into shells 
or journals, and are therefore used “solid** as bushes, finished half- 
brasses or complete bearings. It may be mentioned that successful 
use has been made of rolled bronze strip of about iV> i in. thickness 
for bearing shells inserted into the usual bearing housings of various 
other metals including cast iron and cast brass. The strip is rolled to 
cylindrical form and after insertion is given a final reaming operation ; 
such bearings are employed for light-duty applications. 

In other instances, namely, those of levers, forked ends and brackets 
having l)earing holes, instead of using steely for these parts with inserted 
brass or bronze bushings, the complete units are made from hot 
stampings in a suitable brass or bronze. 

As most of the bearing brasses and bronzes used in engineering 
practice have already been dealt with in Chapter V, it will be un- 
necessary to consider them further in this chapter, other than to 
give a summary (Table 80) of some typical bearing bronzes, together 
with their average compositions and mechanical properties and 
applications. 

In regard to the weights of the hearing bronzes^ the specific gravities 
vary from about 8*3 to 8*9, the leadbearing bronzes having the higher 
values. 

The thermal and electrical conductivities of most bearing bronzes are 
of the order of 10 to 20 per cent of the corresponding high conductivity 
(H.C.) copper values according to composition. In the case of copper- 
lead bearing alloys, free from the addition of tin and phosphorus, much 
higher conductivities, namely, of the order of 50 per cent, are obtained. 

Lead Bronze Bearing Metals 

An important class of high -duty bearing alloys now employed for 
the bearings of automobile, compression-ignition and aircraft engines 
— ^and to w’hich reference has previously been made — ^is that known 
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TABLE 80 

Some Typioat Beahino Bronzes 
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as the lead hronzts consisting of Ingh copper content uith lead and 
sometimes tin nickel, /inc or iron These bron/es mti\ (onveniently 
be classified* as follows — 

(a) Binaiv copyier lead alloys with lead content of 10 to 20 20 to 
30 and over 30 per cent 

(d) Similar alloys bnt with the addition of other elenumts up to 
about 2 per cent namely, nickel, tin or iron 

(c) Three groups of Ic^ad-tin bron/es with 4 to 22 per ce*nt lead and 
5 to 1 1 per cent tin 

* pn^o 2Jh note (iippci rc^feremo) 
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(d) Complex alloys with lead contents of 10 to 20 per cent and 
20 to 35 per cent, with larger additions of tin, nickel, zinc, manganese 
and other elements. 

The lead bronzes containing 70 to 75 per cent copper and about 30 
to 25 per cent lead with tin up to about per cent (max.) are used for 
lining steel bearing shells for high-speed petrol and C.I engines. They 
are not only much harder at all working temperatures than the best 
whitemetals, but have high wear resistance and high thermal con- 
ductivities; the latter property permits the rapid removal of heat 
from the bearings. Another advantageous factor is the low coefficient 
of friction, namely, about 0-002 (lubricated value). 

The bearing pressures that may be employed with this type of 
lead bronze bearing are from 20 to 25 per cent higher than for the best 
whitemetals ; for this reason they have been widely used for aircraft 
and high-speed C.I. engines. 

As mentioned previously, the lead bronzes retain a much higher 
proportion of their room temperature strength at elevat/ed temper- 
atures (up to about 200° C.) than the high tin content whitemetals 
previously used. As used for hning bearing shells the thickness of the 
lead bronze is generally about 0*010 to 0*060 in.; this thin layer 
obviates the i)ossibility of spreading under load or impact in service. 

(^mnparison of Lead Bronze and Whitemetal. An interesting com- 
parison of the bearing vahies of lead bronze and uhitemetal has been 
made and is published in R. and M. No. 1424 of the Aeronautical 
Research Committee The lead bronze consisted of 70 per cent copper 
and 30 p(*r cent lead and vas used as a thin lining to a steel shell. 
When tested in a ring-fatigue machine under a stress range of 19 tons 
per sq. in., the lead bronze lining after 15 million stress reversals 
revealed very little trace of cracking and its adhesion to the steel 
shell apf)eared to be unaffected by the test Under similar conditions 
the best whitemetal linings showed distinct cracks after only 100,000 
stress reversals and lost their adhesions almost completely after 15 
million cycles. The c(H*fficient s of friction under forced lubrication 
conditions over a range of load of 1000 to 2500 lb. per sq. in. and a 
rubbing speed of 12 ft. per sec., from 60° to 100° C., were found to be 
practically identical for the two bearing metals, varying from 0 022 
for the lowest load of 10(K) lb. jier sq. in. to 0*(X)08 for the higher load 
of 2000 lb. per sq. in. and 1(X)' C. At a load of 2500 lb. per sq. in. with 
Mobiloil H the coefficient was about 0*0009. 

The automobile and aircraft type lead bronzes are employed with 
alloy steel crankshafts, surface hardened by the electric-induction or 
nitrogen -hardening processes. As these alloys are not so plastic as the 
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whitemetals and therefore are not able to adjust themselves to slight 
dimensional diflferenoes in the journals, it is usual to allow greater 
clearances than with tin- base bearings. 

The microstructure of the copper-lead alloys is governed largely 
by the rate of cooling. If cooled too slow ly the lead has time to coalesce 
into larger particles while the matrix is in the pasty condition. If, 
however, the cooling is rapid, the lead becomes entrapped in a fine 
network of primary copper and a much more uniform and finer 
dendritic structure results. Much attention has been given to the 
melting and casting technique and also to the effects of additions of 
small amounts of elements, such as silicon, zirconium and sulphur, 
with the object of preventing segregation of the lead and thus obtaining 
the fine structure which is associated with high fatigue resistance. 

The copper-lead bearing alloys are cast at a much higher temper- 
ature than the whitemetals, namely at about 110()"C. as compared 
with 300° C. to 450° C. for the latter. It is therefore not possible 
to use tempered steel bearing shells as these w^ould become softened. 
A good grade of mild or low* nickel steel is usually employed for the 
bearing shells. After the alloy has solidified it is quenched in order to 
obtain the fine dendritic structure previously mentioned Ontrifugal 
casting methods are also employed with coj)per-lead bearing alloys. 

The .satisfactory bonding of these alloys with steel or gun metal 
necessitates the preheating of the bearing shells to a tem|)erature of 
1050° C. to 1100° 0. w hen the molten ajloy is poured into the bearing 
shell jig and bonding occurs between the alloy and the metal of the 
shell. It is usual to coat the surface of the bearing shell with borax 
by immersion in a bath of the latter, w^hen the filn^ of borax left })rotects 
the metal against oxidation. 

The bond between the lead bronze and steel shell is well illustrated 
in the photomicrographs reproduced in Figs. 115 and 116,* in which 
the dark constituent is the lead. The dendritic arrangement of the 
copper is clearly seen in Fig. 115. Fig. 116, taken at a higher magni- 
fication, shows that there is a narrow layer close to the .steel which 
i.s practically free from lead. This absence of a brittle layer between 
the lead bronze and the steel is believed to account for the better 
performance of this bearing metal over whitemetal, whicli has a 
bonding layer of an intermetallic (‘ompound — probably one of tin 
and iron. 

There are, however, several alternative methods of securing firm 
bonding of the alloy and bearing shell metal, which form the subjects of 

* “Rpocnt Developments in Bearing Metals,” A. J. Mnrphy, Proc. Inst, oj 
Metals f 1933-4. 
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patents. In one class of bearing the copper-lead alloy is cast on to steel 
strip and the latter after being cut to the required length is rolled to 
cylindrical or semi- cylindrical form to make the complete or half- 
bearing. 

Some Possible Disadvantages, The adhesion of the lead bronze to 
the steel shell is often examined by means of X-ray radiographs of the 
finished bearings in the case of aircraft engines. In this connection 



Km. 115. lihAi) BitoNZE ON Stpi i. Fig. 116. Le\p Bronze on Steel 
Shell. 100 Shell v 300 


had s((jregation i.s an occasional source of trouble. Another trouble 
that is associated \\ith shortage of lubrication supply is that of ''lead 
sivfoP' caused by the subsequent rise in tenqierature melting the lead, 
lead bronzes are gciuTally regarded as being more sensitive to poor 
lubrication conditions than the other bearing metals. Moreover, the 
lubricating oil niu.st be kept quite fn^e of grit by careful filtering as 
the lead bronzes are more liable to scoring than the whitemetals and 
they do not ])oss(\ss the same “ttoM'’ properties. The free fatty oil 
(‘ontent of the lubricating oil must be kept quite low in value, 
'^ince lc‘ad bronze is kno\ui to be liable to corrosion with certain 
lubricants. 

Practical Wear Tests, The high tin-base whitemetals previously 
used on Diesel engine vehicles were found by A.E.C. Ltd. to have a 
useful life of 10, (KX) to 10,000 road miles, whereas the lead-bronze 
bearings (centrifugally east) gave useful mileages of 60,000 to 80,000; 
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in some instances engines fitted with such bearings have completed 
130,000 miles of service without showing signs of wear. 

Tri-fahricated Bvnringii. A more recent development is the employ- 
ment of a three-layer bearing consisting of a steel shell of the normal 
type containing a lining of lead bronze of about 0’03 to 0-04 in. thick, 
on which is a thin lining of whitemetal or tin of about 0*001 to 0*002 in. 
thick. The whitemetal layer has proved an advantage in connection 
with the running-in period of the new bearing and its plasticity allows 
a certain amount of compensation for lack of alignment and slighi 
inaccuracies in the initial bearing and shaft (*learances. This type of 
bearing will ‘withstand the same bearing pressures and speeds as the 
lead-bronze one, and experience has shown that the wiiitemetal is not 
worn away. A further advantage is the freedom from corrosion due 
to acid inhibitors in ihe lubricating oils of high-pcrforman(‘c aircraft 
engines or from oil contamination agents whilst in service. 

Aluminium Alloy Bearings 

Aluminium alloys possess certain advantages for bearing purposes 
if employed under (*orrcct conditions in regard to journal or shaft 
materials, (*Iearances, etc. 

These alloys have very much lietter heat conductivities than other 
bearing alloys, namely, about five times that of whitemetals and 
three times that of steel, so that the Inwings tend to run much cooler. 
Another advantage is their higher Hrinell hardness, e.g. from 45 to 50, 
and the ability to retain this hardness at elevated temperatures to a 
greater degree than the other bearing m(‘tals jireviously considiTcd. 
Moreover, thc\ are not liable to corrosion a«i with lead bronze and 
cadmium bearing metals. 

An alloy that has b(H‘n used for bearing purposes is the Hiduminium 
R.R.56 alloy previously meutioned m Chapter 111. 

Another alloy is that known as Chrowet, consisting of 90 pe*r cent 
aluminium and 10 per cent silicon. 

The R.R.56 alloy was not entirely without certain minor disad- 
vantages, however, so that it has lieen superseded by another alloy, 
known as A.C\9, produced by the same manufacturers. This alloy has 
the following percentage coin]K)sition limits ; Sn, 5-7 7*0, Ni, 1*5 1*8; 
Cu, 0*6~0*9; Mn, 0*7-1 *0; Si, 0*15 0*3; Fe, 0*2-0*45, AI, the 
remainder. 

It has a specific gravity of 2*95 to 3*0, and a coefii(‘icnt of limvir 
expansion from O'" C. to 150 ' C. of 0*0000225. The thermal conductivity 
is 36 e.G.S. units. 

As die-cast the bearings have a Brinell hardness of 45 to 50. They 
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are then heated to 180° C. for about 12 hours, when the hardness 
increases to 60 to 75; this hardness value is maintained with only 
slight diminution up to 160° C. 

It is necessary to harden the shaft journals, cither by induction, 
case-hardening or nitriding, when the bearings give entirely satis- 
factory service. 

For softer shafts, doum to about 280 Brinell value, the silicon 
content of Uie alloy in question is increased to 0-4 per cent. The alloy, 
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after heat -treatment at ISO (\ for 12 hours, has a Hrinell hardness of 
80 to 85, and is suitable for unhardened shafts. 

In regard to hearimj clearance^i these vary from 0*tKH2 to 0*00135 in. 
per ineli diameter of sliaft in the case of main bearings and 0*001 to 
0*0013 in. ]K‘r itieli diameter for big-end eonneeting rod bearings. 

The aluminium-tin Ix'aring alloy A.(\9 has been used for the big- 
end bearings of Rnlh Koyce and also those of Bentley automobile 
engines, with entirely satisfactory results. 

For the inai?} hearings an aluminium-tin alloy having the following 
percentage composition limits has been used : Sn. 4*6-5 0 ; Ni, l*6-2*0 ; 
Mn, 0*7-4)*9; 8b, t>*4-0*8; Si, 0*45-0*6; Mg, 0*35-0*5; the rest, 
aluminium. 

The properties of some of the more recent bearing alloys used in 
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aircraft and automobile engines are given in Table 81,* whilst the 
hardnesses at temperatures up to 200® C. are shown in Fig. 117. The 
aluminium-tin alloys are here shown generally to be superior to the 
other bearing metals, both in regard to their hardnesses at various 
temperatures and in strength properties; moreover, they are only 
about one-third of the weights of most of the other alloys. 

Aluminium alloy bearings are being used in the United States 
where it has been found that the alloys employed have a higher fatigue 
resistance than the best lined steel shell bearings, a high resistance to 
corrosion by breakdown products of the lubrication oil, and give a 
cheaper construction of the liearing since only the single metal is used. 
It is also claimed that these alloys have a sufficiently low coefficient 
of friction. The bearing must be properly cast and the correct alloy 
used, with a minimum thickness of 0*09 in. For the main and big-end 
bearings permanent mould castings are used, whilst rolled sheet is 
employed for the camshaft bearings. 

Cadmium Bearing Metals 

(Vidmium is a soft metal resembling tin in its mechanical pro- 
perties, and it has been shown to be suitable as a base-inetal for tearing 
alloys. (V)pper and cadmium form a eutectic with 1*2 per cent copper, 
having a melting point of 321® C. ; its constituents are a copper-cad- 
mium compound CuOlg and cadmium with a little copper in solid 
solution. 

An alloy having 3*1 per cent copper with the addition of 0-2 per 
cent magnesium to prevent oxidation and give a silver-white appear- 
ance has been foundf to have advantages over tin-base whitemetals 
in regard to its ability to ^^^th8tand heavier tearing pressures and 
higher working temperatures. It has, in addition, superior wear and 
distortion resistance. The alloy in question had a Brinell hardness of 
48, compressive and tensile strengths of 27 and 10 tons per sq. in. 
respectively, and a freezing range 60® to 80® C. above that of ordinary 
tin-base bearing alloys, i.e. 378® C. to 315® C. as compared with 320® C. to 
243® C. It has a similar frictional coefficient to tin-base whitemetals. 
On the other hand, this cadmium-copper alloy was inferior in regard 
to ductility as indicated by its |)ercentage elongation of 3‘1 compared 
with 12*5 for a strong tin-base alloy. It also has a greater shrinkage 
than the latter metal, so that 8i)ecial precautions must be taken to 

* “High Output Aircraft KngniOB,” E, W. Hives and F. L. Smith, S.A,E 
Journ., March, 1940. 

t “Cadmium -base Bearing Metals,*' A. S. Gill, Metal Industry, 14th June, 
1935. 
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ensure effective bonding with the bearing shell ; otherwise it is liable 
to crack and loosen in its shell. 

The load-carrying capacity and ductility of the alloy mentioned 
has been improved by reducing the copper content and increasing that 
of the magnesium. An improved bearing metal of this class has the 
following percentage composition: cddmiuiii, 97*5; copper, l-S; 
magnesium, 1*0. 

The physical and mechanical properties of this alk)y as well as 
those of a high grade tin-base whitemetal used for comparison purposes 
are given in Table 82. 

TABLK 82 

Properties of Cadmium- base and Tin-b\se Bearing Alloys 



l ’adinniin-babe 

Tin-base 

Compressive strength (tons per sip in ) 

1 ~ 

:u (> 

i 10 7 

Tensile stnnigth (l<>ns per gq. in , . 

11 d 


Elongation, per oent 

n u 

12 5 

Brinell hardness (fiOO kg load: 7*o inin 

! 


ball) . . 

r)7 

2:1 

Relative dogroo of b(‘nding botorc tiai tun' 
Relative loading to produce fractiiic by 

ICO 

107 

bending 

U)U 

rs 

Relative rate ot woai in u bearing 

IOC 

258 

Specific gravity 

h 4 ! 

1 ^ 

Freezing range 

Shrinkage relative to steel (unis pei 1 in 

:i:is 111.*) (' 

280* 247 

diameter) . . . 

, 0 1 



Although the alio} whose proj)erti»'s are ‘*hown in Table 82 has 
about 30 j)er cent greater .shrinkage than the whitenahal, it has been 
found possible to obtain a satisfact4»ry bond with steed and bronze 
bearing shells by tinning the surfaces of th(*.'^(‘ with a cadmiurn-zhir 
solder, namely, tlie eutecti(‘ alloy of 82 jH'r cent cadmium and 18 i>or 
cent zinc, which melts at 270 other ca<lmiuin-zin<- alloys with 
7 to 50 per cent zinc also give satisfactory results, but the eutectic 
mentioned was slightly su])erior. The shearing .strength of this bonding 
alloy for the cadmium- copper l)earing metal and steel shell is about 
7 tons per sq. in. 

In regard to the frictional coefficient^, for the lK*aring alloy moniionod 
in Table 82, these were 0 0018, 0 0012 and 0 0009 at 60" C,, 80° C. and 
100 C. for a bearing load of 25(X) lb. per sq in. Whilst the two former 
values are the same as for tin-baae whitemetals, at 100° C. the coefficient 
is only one-half that of the whitemetals. 



BEARING METALS AND OTHER MATERIALS 


251 


The results of abrasion tests indicate that the rate of wear of the 
cadmium-base bearing meted is only about 40 per cent of that of a high- 
grade tin-base whitenietal. 


Cadmium-silver Bearing Alloys 

Alloys consisting for the most part of cadmium with small amounts 
of copi)er and silver have been found to be satisfactory for bearings 
subjected to relatively high lK*aring pressures and speeds; they have 
Ikh'u emplove<i in the United States in re(*ent timers. 

A typical alloy contains 97 0 per cent cadmium, 1*9 per cent copper 
and 0*5 jkt cent silver. In some instances the copper is replaced by 



about II per cent of nickel The '^inall amount of silver improves the 
casting (jualify and ^efine^ the grain the hardness of the cadmium 
is also incr<'as(Mi 

These allo>s hav(‘ a llrinell hardness of 35 to 38 at 20 (\ and 
5-5 to 0 at 200 (’. Although the Brinell hanlness is much lower at 
eh»vat<*d teiu|MTatures than that of the lead bronzes, it is from 2 to 3 
times greater* at KK) C\ to 2(K) (\ than the b(‘8t high-tin whitemetals. 

('adnuiim-silver InNirings are Ixdng iistHl for l)earing loads of 2(KK) lb. 
fM>r Hi\. in and pressun»-velocity values of 65,000 to 70,000. 

In c(*rtain t\\o-(‘\cle Diesel engines’*' bearing pressures as high as 
3,3(K) 11). |KT s(|. in. luive Ikhui employed with cadmium-silver bearings 
whereas wlum the 1h*s1 Babbitt metals were used, the bearings failed 
after relatively short ]K'riods wdth loadings of 1600 lb. jier sq. in. 
Other tests made in the instame of an automobile engine which 
normally ran at exceptionally high temperatures showed that the 
♦ The Machinist 12th Juno, 1937. 


9— (I II 


262 


ENGINEERING MATERIALS 


cadmium-silver bearings lasted from 10 to 15 times as long as the 
Babbitt ones. 

As compared with tin-base whitcmetals (‘admiiiin-silvor alloys have 
greater load-carrying capacity, higher melting points, namely, about 
70^^ C. higher, lower coefficient of friction and greater strengt h and 
hardness at elevated temperatures. It is necessary, hem ever, for the 
steel shafts ^^ith which this alloy is used to have a hardness of at 



least 250 Brinell. In regard to bearing cle;(rMMce> cadmium-silver 
alloys employ th(‘ same vahiCN as foi higli tin v\ lutcnaMals. Tla^se 
alloys are used \\ith steel shells as in tla^ case of lntem(‘tals and 
accurate fitting of the shells in their housing.s, ])n‘feral)Iy vith groiual 
finish, is essential. They are chea|>er to m<»nufacture than lcad-bronz(‘ 
bearing alloys and require less bearing clearanc(‘ than for tla* latter. 
The corrosion resistance of cadmium-siher alloys is superior to that 
of lead bronze. 

Cadmium-nickel Bearing Alloys 

(’admiiim-nickel alloy b(*arings containing i p(‘r c(uit ot nickel 
and the rest ‘ admium have been used in the Tnited States for high- 
duty purpo8(\s under the name of “ A.sarco/o//.'’ Fig, J2G* is a jdioto- 
micrograph of this alloy and shows that the stru(*1iin‘ coinj)risos angular 

♦ Jiuroau of Jnforiimtioi) on Nitkoj, 
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crystallites uniformly dispersed throughout the mass of the metal. 
These crystallites consist of a hard intermetallic compound of cadmium 
and nickel, the matrix being substantially a eutectic of cadmium and 
this same compound. 

The densities of the hard particles and the matrix are almost 
identical and there is therefore no t^mdency for the constituents to 
segregate during easting, such as is sometimes experienced in the white- 
metals. The ])hotoniierograph brings out well the absence of this 
Hegregation and the evenness of the structure. The latter, it will be 
seen, is of the typ<* n^cognized as ne<*essary in a bearing metal, viz. 
hard particles (unln-dded in a soft matrix. The soft matrix gives a 
degree of self-alignment, thus enabling the bearing to a>dapt itself to 
irregularities, and the hard })articleH are sufficiently hard to give good 
\^ear resi8tan<*e \^ithout scoring the shaft; at the same time, they 
stand out in relief from the matrix, thereby producing channels through 
whi<*h the oil can fr(‘cly run over the surfac^e of the bearing. 

The alloy in qiu‘stion has a coefficient of friction varying from 0*0024 
at 60'’ V. under lighhT loadings to 0*0009 at KKr V. for heavier loadings. 

The compivssion strcjigth of the ciwlmium -nickel alloy is indicated 
by the results of tests on cylinders of | sq. in. cross-sectional area and 
J in. long which rc([uirc<l a stress value of 12 tons per sq. in. to compress 
them to one-half their length as compared uith 7 tons per sq. in. for 
high-grade Babbitt sjK»cimens f>f the same dimensions. 

The m(‘lting |M>int is 310 (' as lomjiared \uth 230^'. for a com- 
|Mrabie high-grade tin-base \\hitemetal. 

The tensile .strengths at 2H 100 V. and 2(K)'' C. of the alloy were 
7*2, t)-8 and 1-47 tons ]kt s(|. in. resjHM tively, whereas for high-grade 
Babbitt the vaha\s at these* tcin|KTatures were 4-5, 5*6 and 0*8 tons 
|>er sq. in. res]K*ctively. 

The Brinell hardnesses at th(*se tenqxTatures for the cadmium- 
nickel alloy were 32*5. 17*5 an<l 7-5; and for the Babbitt, 23*5, 10*5 
and 3*5 resjH'ctively. 

The steel Ix^aring sh<*ll after thorough (‘leaning and pickling in 
hydro<'hlori(‘ acid and th(*n in zinc chloride is tinned to ensure good 
adhe.sion of the cast -on Isviring alloy. The bonding metal bath is 
kept at 450’ ('. and the shell immerstHl in this immediately after 
drying; this ensur(‘s correct tinning. The cadmium -nickel alloy is 
poured at 380'’ C. to 400 V. into the l)earing shell jig. The bond thus 
obtained is ext’cedingly strong and will withstand severe engine 
operating conditions without loss of adhesion. Tests made on the 
bond strength showed that the shear stress was 3*95 tons per sq. in. 
as oompan«d with 2 0 tons j)er sq. in. for Babbitt, 
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Cadmium-nickel alloy has been used successfully in the United 
States for some time for big-end connecting rod bearings of automobile 
engines. Fig. 121 illustrates a cadmium-nickel Iwaring after exacting 
tests made in an automobile engine over a very long period ; other 
alloy bearing metals tested over a similar period failed by flaking. 

Beryllium-copper Bearing Alloy 

An alloy of copper with 2*25 per (^ent of ber>'lliiim lias been used 
as a hard bearing metal in place of bronze, and it has shown about 



Fig. 121. Nickfx-cadmiitm Aixov Bkakivg in (Jogg Cgnoition 
A iTER Severe Break huwn Test 


five times the wear resistance of the latter alloy under similar condi- 
tions of use, namely, with steel shafts. It ap|K*arH to have a film- 
forming and self-lubricating pro}KTty. altliough It has In'en shown 
that high rubbing sjx^eds combined with heavy lieariiig pn^ssures can 
cause seizure between this alloy and its stc'el shaft. In dry rubbing 
tests under a load of 10 lb. per s(j. in. against a flat stetd rotating disc, 
beryllium-copper sj)eeimen.s glazed quickly and wore evenly, whilst 
bronze specimens under identical conditions wore more rapidly and 
less evenly. 

The 2-25 per cent beryllium -copper alloy in the soft condition has 
a tensile strength of 35 tons j)er sq. in. with 45 jkt (;eiit elongation. 
When heat-treated to the fullest extent the tensile strength is incn?asc‘d 
to 90 tons per sq. in. with 2 jxt cent elongation. 

Monel Metal Shaft Bearings 

The problem of the most suitable material to use as a Ijearing for 
Monel metal is a question of the material that will most sat i.sfactorily 
meet the service conditions entailed. 
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The whitemeial groups of bearing alloys are accepted as being 
suitable for medium speeds and loads, or high-speed and low-load 
service. It has been found that a Monel metal journal runs as well in 
any typical tin or lead- base Babbitt-lined bearing as does a steel 
journal. 

Ah tht‘ load increases, harder alloys than the whitemetals are 
required and recourse is made to the use of bronzes of various kinds. 
Provided oil lubrication is ample, no trouble should be experienced 
when employing Monel metal shafts. If, however, lubrication is known 
to be i)Oor, the high lead bearing bronzes containing from 15 per cent 
to 25 }H*r cent lead >\ith under 10 per cent tin are to be recommended. 
This latter tyjK? of alloy can actually be employed for Monel metal 
uith water lubriciition. 

In connection with the recently developed self- lubricating bearing 
alloys and laminated plastic materials, there is no reason to believe 
they should not Im‘ suitable for Monel metal. 

llublxu* Ix'arings have proved very successful for Monel metal shafts 
for underwater af)j)licatioiis, such as stern tubes and outboard brackets 
on motor boats, atul it is also interesting to note that a synthetic 
rublxT bc'aring material, now available, is suitable for use with oil 
instead of water. 

Moulded Metallic Powder Bearings 

A mon* rec(‘nt application of jMiwder metallurgy consists in the 
moulding under prt'ssurc of Ix^arings from mixtures of metallic powders, 
such as cop|KT and tin, with or without the addition of graphite 
|K)wder. lk‘aringH can thus Ik' jiroduced for medium loads and low 
si)eeds with good mechanical pro|K‘rtiea, and relatively cheaply, to 
mouhled dimensions within 0*(HH in. of required size. Usually the 
bearing {xirtion is finisluxl to size by reaming or drifting. 

A typi(*al mixture consistvs of IK) jier cviit sharp-grained pow^dered 
coppi'r and |)er ci*nt ]H)W'denMl tin. The mixture is moulded in 
self-ejecting presses under jiressiires up to about 20 tons per sq. in. 
and the moulded product is afterwards sintered, i.e. funiaoe heated in 
a reducing atmosphere at about 700' C., follow'txl by quenching in 
luhricating oil Thi^ den.sity i>f the moulded material is from 70 per 
cent upwanls of the equivalent solid density. The bearings can thus 
bt' made slightly porous to hold lubricating oil, and are therefore 
claimed to Ik' “self-lubrieatiiig.” Further, any oil touching the bearing 
surfatxi is readily absorbed, oil grooves or holes being unnecessary. 

The U^uniK) H bush* is made from pure metallic powders, 
♦ Bntmh Hound Brot>k Bearing Co. 
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die-pressed to shape within the limits of ± 0*0005 in. diameter ; other 
dimensions are held within Jt: 0*001 in. 

A typical percentage composition is as follows: copper, 88*0; 
tin, 9*7; graphite, 1*4 ; other material, 0*9. The crushing stress is 
about 30 tons per sq. in and specific gravity 5*8 to 6*5. The recom- 
mended maximum bearing load is 2000 lb. per sq. in. 

Typical applications include bearings for small electric motors, 
vacuum cleaners, dynamos, fan spindles, rocker arms, gramophone 



FiG 122. Examples of JStJLF-LTTBRif apings 

{Copper Deiflopment Assik Kitiun) 


motors, domestic machines, clocks, compressors, electric drills, switch- 
gear, aircraft lever bearings, motor car shock absorbers, etc 

Moulded bush-type bearings of this class should be inserted into 
their housings with a supporting mandrel in order to preserve accurately 
the size and condition of the bearing, thus obviating any further 
machining or finishing. The standard housing fits for bushes are 
given in a Specification issued on the Institution of Automobile 
Engineers' Data Sheet No. 180. 

Fig. 123 illustrates the method of inserting the bush in its housing. 
The insertion plug is made a tight fit in the bush, and its diameter 
is made slightly greater than the bore of the bush itself. 

Lead bronze bearings can be made from the powdered metals in a 
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somewhat similar manner, although several difficulties have been 
experienced in obtaining proper diffusion of the lead throughout the 
copper and the avoidance of segregation effects. The most successful 
method as yet appears to be that in which the lead powder particles 
are first coated electrolytically with copper and the mixture of this 
coated powder and copper powder is then pressed into a sheet and 
sintered in a hydrogen atmosphere at 900° C. for 20-35 per cent lead 
and 750° C. for 45-55 x>er cent lead. This 
lead-bronze product will bond well with 
copper and bronze shells, but in the case of 
steel it is necessary first to tin -coat the 
lattcT. 

Bearings of Powdered Nickel Alloy 

A method of making automobile engine 
bearings of the steel shell-backed type de- 
veloped by (General Motors Co., U.H.A., 
em])loyK nickel and copper powders. 

In order to secure a ptTfect bond be- 
tween the Babbitt and steel a powdered 
metal matrix (‘onsisting of co])per and 
ni(‘kel powders is used. 

Both tin-base and lead-base Babbitts 
have low' resistance to fatigue. Experience 
shows that cracking and actual breaking Kjg. 123. Mkthod 
out of the 
to occur 

Thin layers are, however, difficult to use 
unless the bonding is very secure. The new process utilizes the tech- 
nique of j>ow^der metallurgy to sinter and braze to the steel back a 
matrix composed of a mixture of GO j)er cent copper and 40 per cent 
nickel powder. The porous structure produced in this way gives secure 
support to the Babbitt, both chemically and by mechanical interlock- 
ing. It is thus possible to utilize a layer of Babbitt only 0*(M)2 in. 
thick, which is completely free from any fatigue effects. In the 
manufacturing process strips of steel pass through the various operat- 
ing machines in turn, the process thus being continuous. 

From the Babbitting macihine the strip goes to a rolling machine 
fitted with pinch rolls to impress a positive tension on the strip. 
Sufficient Babbitt is removed to give the required total thickness 
from the underside of the steel back to the top of the bearing surface. 
•The final stage is a stamping and blanking press which cuts the strip 



bearing surface is more likely sertino Moulded Metallic 
if the Babbitt layer is thick. 
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into blanks of the right size for the subsequent forming of the half 
shells. 

Graphite Bearing Metals 

A type of bearing metal sometimes known as spongy bearing bronze 
has resulted from investigations into the effects of graphite upon 
certain alloys These metals contain graphite uniformly distributed 



Pic 124 Thf ('llvjut.and (Iuvphiii Hi shim, 

t Platt aftir passiUR through the tlies 
It Alttr second operation through tht (I it rollers 
( 1 he tlnisht d bushing 

throughout their composition, and when used tor bearings tlu*y are 
therefore self-lubricating 

Such bearings are applicable to non -accessible slow-running 
machinery, both marine and stationary 

Two well-known graphite bearing metals are Onalite* and Durex.f 
Genalite has the following composition : copper, 70*18; tin, 13*72; 
lead, 9*00; iron, 0*22; phosphorus ,0*055; graphite (C), 5*35; and 
zinc, 1*475 per cent. 

It has a Brinell hardness of 21*6, 

Durex is made in two grades for lighter and heavier duties respec- 
tively. Both are copper- tin alloys containing graphite. 

The former alloy has the following composition: copier, 83*2; 
tin, 10*0 , graphite (C), 4*4 to 4*7 ; impurities, 0*60 per cent. 

It has a specific gravity of 5*4. The Brinell hardness is 30 to 40. 
The modulus of elasticity is 2,500,000 lb. per sq. in. It has a volumetric 
oil absorption of 25 per cent, and a linear expansion of 0*00094 in. 
per inch per 100° F. (38° C.). 

This alloy is used for porous bearings and, as stated, it possesses 

* Manufactured by General Electric Co., Schenactady, U.S.A. 
t Manufactured by General Motors Research (>>., Dayton, Ohio 
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oil absorbing properties. It is used for certain automobile chassis 
bearings and for gun bearings. It is porous to the extent of 15 per 
cent oil absorption by volume. 

Another interesting form of graphite-bronze l)earing is that mar- 
keted under the nanu^ Cleveland (Iraphite Bushings (Fig. 124). The 
bushes are made, by a special rolling process, from flat bronze plates. 
The plate blanks are passed through dies and indentations rolled into 
lluun, aft(T which they are passed through flat rollers, the high s])ot8 



Fi(. Fm viuji'I) Si(TU»N or iNorNTvnoN shovvino 
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formed by the indt'ulations b(‘ing rolled over and forming dovetailed 
sha])e<l recesses. Hof graphite is then rolled, under pressure, into these 
recesses, after which the ])late is rolled into its circular bush form to an 
accuracy within tiu* limits of two-thousandths of an inch. The forming 
of the (‘ircular bush froin tlie flat plate still further increase's the dove- 
tailed form of th(* indentations, locking the graphite securely in. The 
graphite-filled indentations of tlie Cleveland (dovetailed) bushing form 
ti Iarg(' ])er(‘entage of the total Ix'aring surface of the bush, and the 
process of manufacture makes })ossible bushes with w^alls of practically 
any thickness. These bushings with very thin walls are sjK'cially suit- 
able for fixing to parts such as bearings in concentric rocking shafts, 
brake compensatiiig shafts, ]H'dal and rocker shafts, controls, etc. 

The British Bound Brook oil-less bearing, sho^vn in Fig. 126, 
consists of a high-grade bronze easting in the interior of which grooves 
are cast. Before final machining is carried out the graphite compound, 
indicated by the l)lack lines, is forced into the grooves imder hydraulic 
pressure and the whole bearing is then subjected to heat-treatment; 
afterw^ards the bearing is machined to size. This type of bush is 
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employed for reasonably slow revolving shafts or for intermil tent 
service fast moving shafts. 8iich bearings have been used for auto- 
mobile starting motors, steering columns, clut(*h spigots, brak(^ ro(*king 
shafts, tackle -blocks, cranes and hoists. 

Notes on Oil-impregnated Bearings 

The porous bronze bearings, such as Oilite and J^ound Brook, retain 
about 30 to 40 per cent of their volume of lubricating oil, but they 

may be re-imy^regnaled by heating to a 
temperature of 110° C. to 120" (\ in a 
bath of lubricating oil of suitable vis- 
(‘osity, namely, 1500 secs. Redwood at 
70° F. 

The bearings should be left about 
(KK)2 to 0*003 in. undersize so that after 
being pressed into their housings they 
can be brought to final size by means 
of a polisluHl arbor forced througli them 
or with a broach. The b(*aring8 can be 
made a press fit in most die -castings or 
can be cast in y)la(*e where pressure die- 
castings are employed , the im-im])reg- 
nated bearings are used in such applications. 

For speeds of 500 to lOOOr.p.m. the bearing pressures for a 1-in. 
diameter hole bush are 1251b. per sq. in., falling to about 60 lb per 
sq. in. for a speed of 40(K) r.p.m. For intermittent oscillation purpos(*s 
bearing pressures up to 3000 lb. per sq. in are permissible. The smaller 
sizes of bush will withstand higher bearing pressures than the larger 
ones. Thus at 2000 r.p.m. the 0*5 in. bush will oyierate with 1101b. 
per sq. in. and the 2-0 in. one with 50 lb. per sq. in. 

Laminated Bronze-steel Bearing 

A more recent type of bearing, known as “pre-cast bearing bronze 
on steel,’' consists of a bronze alloy containing SO per cent copper, 
10 |)er cent tin and 10 per cent lead. The alloy is cast in bar form and 
the centre of each bar is drilled out. The borings obtained are reduced 
to powder, treated in a hydrogen furnace to get rid of any oxides, and 
then firmly bonded to strip steel. The resultant product is slated to be 
much stronger and more resistant to impact effects than ordinary 
cast bronze and to have a lower coefficient of friction. The bearing 
can also be made as a graphite-imprt^gnated one by mixing gra])hite 
powder with the bronze powder before the bonding o})eration. This 
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bearing material is available as finished bearings, washers, strips or 
rolls up to 400 ft. in length. 

Bakelite and Plastic Material Bearings 

Resin-bonded fabric- materials of the phenol -formaldehyde kind 
have been used with satisfactory results for bearings employed under 
certain conditions, more especially those for heavily loaded purposes 
such as for rolling-mills, propeller shafts, paper machinery, underwater 
bearings and pumps handling various kinds of liquids, including most 
acids and mild alkalis. 

The impregnated laminated fabric material, such as Bakelite 
Ijaminated, is employed for such bearings and the resultant product 
has been shown to possess strength, density, smooth bearing surface 
and high load-carrying capacity, without any scoring tendency. 

The most satisfactory lubricant appears to be water mixed with a 
water-soluble oil, free from acid or alkali, the water serves to carry 
away the friction heat since the laminated material is a poor conductor 
of heat. Water alone can also be used, but the bearing loads allowable 
must then be reduced Thus, with the soluble oil lubricant bearing 
pressures of 400(1 to 5000 lb. per sq in. can be used, whilst for water 
alone the pressures should not exceed about 2000 lb per sq. in. 

Physical Properties, The phenol-formaldehyde bonded woven 
cotton cloth laminated material used for bearings is non-bygroscopic, 
hard and unafiected by dilute solutions of most acids and alkalis. It 
has a specific gravity of about 1-35 and a tensile strength across the 
face in two directions of between 4 and 5 tons per sq in and across 
the laminations of 2 tons per sq. in. The shear stress through the 
laminations is from 4 to 5 tons jier sq. in. The compressive stress at 
right angles to the laminations is about 18 tons per one inch cube. The 
Brinell liardness, using a load of 125 kgm. on a 5 mm. ball, is between 
33 and 37. 

The coefficient of thermal expansion tlirough the laminations is 
O-tKlOOG to O-CKXIS jier °C ; along the laminations it is about 0*(X)(X)4. 

The coefficient of friction using w^ater lubrication is about 0-(K)4 
for bearing pressures of KKK) to 4(X)0 lb. per sq. in. and rubbing sjieeds 
of 5(X) ft. to 35(X) ft. per min. 

Bearing Pressures. The bearing material can be given a high degree 
of surface finish and if used with polished journals can be used in 
different designs for light loads up to 6(X) lb. per sq. in., medium loads 
from 500 to 1500 lb. per sq. in., and extra heavy loads of 4000 lb. per 
sq. in. and above. 

* Gertam grados give tensile strengths up to about 15 tons xier sq. in. 
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In regard to the ruhhirvg speeds, the following values have been 
given* for water lubricated bearings corresponding to the previously 
mentioned groups of bearing pressures . Light loads, 100 ft. to 4000 ft 
per min., medium loads, 150ft. to 3000ft. i)er miii. ; heavy loads, 
250 ft. to 2500 ft. jx*r min. Extra heavy loads are usually associated 
with low rubbing speeds and with grease or oil lubricants ; alternatively 


£nd P/ates d Btanng Stnpt 
of Bakthit Lamnated Materiai 
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soluble oil and water can be employed in instances where the loads are 
not excessive. 

Advantages and Disadvantages The advantages claimed for 
laminated material for liearings are summarized as follows: (1) 
Lightness of the bearings and easy handling, (2) smooth bearing 
surface, (3) good load-carrying capacity (4) high imp.ict -resistance , 
(5) good strength properties, (0) easily lubricated b\ most media. 
(7) non-scoring properties, (S) low coefficient of friction, (9) low^ 
modulus of elasticity, (10) hard wearing qualities, (11) reduced 
maintenance costs m service, (12) reduced lubrication costs, 
(13) much quieter operation 

The disadvantages are as follows: (1) Poor heat conductivity, thus 
necessitating greater quantity of lubricant to carry off surplus heat ; 
(2) low temperature range of ojieration; (3) limited ajiplications in 

“Synthetic Materials for Mill Bearings,” C. J) Phillippe, The Engineer ^ 
2nd February, 1940. 
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practice; (4) greater initial cost: (5) when finished with, no scrap 
value. 

Typical Applications. Bakelite laminated and similar plastic 
bearing materials have been widely used for rolling miU bearings ; in 
Germany about 80 per cent of the rolling mills have this type of bearing. 

The cages of ball bearings are frequently made of plastic material. 
Fig. 127 illustrates a typical Bakelite bearing and show^s the metal 



Fig, 12S. A Ovk-piik’e Hakei.itk Lamixatkd HALr-«FARiNG 

housing with dee]) ltoovcs running jiarallel with the axis of shaft. 
In these giooves strips of laminated Bakelite are fitted, the buUt-up 
bearing l)eing afterwards machined to size. End ])lates are provided to 
prevent excessive I<*akage of the lubricant and also to take any end 
thrust . The lubricant is fed into the bearing through the drilled passage 
shown in Fig 127, and it leaves by a similar one on the opposite side. 

In regard to this design of bearing it is claimed that the power 
consumption is af)])reciably less than for metal bearings employed for 
the applications previously mentioned, whilst in many cases the 
bearings have had up to ten times the life of the metal ones for which 
they have beep substituted. Experiments have been made with smaller 
synthetic resin bearings with a metallic filler, but these wwe found 
to be little better than the plain resin material due to lack of bonding 
of the resin and metal. The use of shredded fabric in place of metallic 
particles has given better results, but in order to obtain the desired 
strength the w oven fabric material should be wound on a mandrel of 
the proper size before impregnating with the synthetic resin. Such 
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bearings have been found suitable for light loadings and moderate 
speeds, but are not likely to rival the whitcmetals and other modem 
bearing alloys. 


Rubber Bearings 

Mould(Hl rubber of special composition, enclosed in a metal housing, 
is now used for certain classes of bearings, namely, water-lubricated 
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bearings for marine and similar purjKKses. A tough resilient rubber 
compound is employed for the purjiose and the bearing (Fig. 120) is 
designed so as to form a series of longitudinal coTicavi' strips with 
grooves between. This type has been usi^d with satisfactory results 
for stem and x\-bracket bearings for ships’ propelliT shafts, for (centri- 
fugal pumps, dredging machine b(carings, deep well pumps, mining, 
sand and gravel plant. The net coefficient of friction of the rubber 
used is 0 010 to 0 005. High rubbing s{)e(‘ds with medium pressures 
are j>ermissible. 

The rubber is vulcanized on to the metal and an adhesional strength 
as high as 600 lb. per sq. in. is obtained. The bearings are moulded 
to size, with suitable allowances for rubber shrinkage so that no sub- 
sequent machining is necessary ; the shrinkage allowance is to in. 
per foot. An alternative to the longitudinally-fluted type of V>earing 
is one with a spiral groove. 


CHAI^TER Vm 

DIE-CASimOS 


In view of the import aiicc of the die-(*a.sting process from the point of 
view of many of tiie non-ferrous metals and alloys described in this 
work, it is ])rop()sed to give a brief outline of the inelhods and the 
die-(*asting alloys employed. 

The t(‘rm flie-CMMtimj'* applied to the casting of metals under 
p ressim * in metal moulds is known as press ure d i ercasti rtg, but is also 
frequent Iv used for castings made in metal moulds, where the molten 
metal ilows by gravity only into the moulds: the more correct term 
in the latter case is “f/rur/Zy die-aistimj 

Die-casting is employed where a large number of similar castings 
are requin*d , in the ordinary vwiy it does not pay to make the metal 
moulds for a number of (lie-(*astings smaller than, say, 5(K) to 1000. 
For smaII(T numlxTs of large die-castings the mould may, however, 
be relatively less (expensive than for a greater number of small die- 
castings. 

Die-castings possess the following advantages ov^er sand-castings — 

1. They are much more accimite. In the case of pressure die- 
castings th(*v can 1)(» made sutli(‘iently accurate for most purj) 08 es so 
tluit machining costs can l)C‘ saved. 

2. Tliev can be ])roduced more quickly than sand- castings, so that 
production can be s})eeded-u]). 

3. Inser ts, stud s, bushes, and similar objects in different metals 
can b(‘ cast in position. 

4. Holes can be left during the casting process to a high degree of 
accuracy, thus obviating drilling. In a similar manner threads can 
usually b(' cast with sufficient accuracy in the case of out side -threaded 
parts. 

5. The g(uieral finish of die-castings is such that, generally sj>eaking, 
no further work is required on the castings: they may, howwer, be 
plated, polished, or ])ainted for certain purposes. 

It should Ir^ jKiinted out that with gravity die-castings the accuracy 
is not so great, and machining is usually necessary. The drawbacks 
of the die-casting method may ho enumerated, brietiy, as follow\s — 

1. The process only }>ays w^hert' the numbc^r of castings required 
runs into some thousands, on ae(*ount of the cost of the dies and of 
the machine charges. 

200 
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2. It has hitherto been limited to a fe\^ groups of metals of relatively 
low tensile strengths — usually about S to 10 tons per sq. in. (maximum). 

On the other hand, recent advances >vith aluminium alloys have 
shown it possible io die-cast certain alloys of much greater strength 
than the tin-zinc and lead-base alloys usually employed. As an 
exanijile, the case of dw-cxist petrol engine pifitotis may bo mentioned ; 
it is nov possible to produce die-cast pistons in high-stnmgth aluminium 
(such as the R.R. class) and magnesium alloys (e.g. Elektron). More 
recently yellow brasses and aluminium bronzes have been successfully 
employed for die-castings. 

Die-casting can bo done with automatic machines, so that a 
relatively large number, e.g. 3(X) per hour in the (‘ase of small castings, 
can be produced in a shorter period than with san(l-t*astings. 

It is nec'cssary to produce a largtu' number of castings in order 
to employ automatic machines economically than in the case of hand- 
dperated machines, thus it is seldom economical to ])rodiic(» less than 
10,000, say, with an automatic machine, whcr(‘as from SOO to 1000 
may prove a profitable proposition witli a hand-operated machine. 

I Perhaps the most important feature of (lie-(*asting is its ability to 
make complicated shapes of casting with thick and thin walls or 
W'ebs, without the attendant dithculties with sand-(*asUngs. Thus 
walls, webs, or partitions can 1 k^ die-cast to thicknesses down to in., 
and even less; with tin and lead alloys thicknesses down to in. 

can be obtained. It is also a fairly straightforward mattcT to die-cast 
small gearwheels, Ix'vel pinions, racks, worms, and worm-wheels which 
will mesh with one anotlu^r with sufhiieiit accuracy *oi lufist purposes. 
Such gears are widely used for instruincnts and a])}»aratus wIutc they 
experience light pressures and intermittent use h)r short })eriods. 

The fact that it is possible to ca.^t “inserts” of oth(*r stronger nuials 
into castings of weaker metals is an advantage from the ])oint of view 
of w'earing parts, e.g. friction surfac(\s, studs, screw-threads, and 
bearings; in .such cases a good deal of the expense due to machining 
and pressing is avoided. One drawback of di(*-castings in the inferior 
strength metals and their alloys is that, a])«irt from low tensile strengths 
these metals or alloys have relatively low nudting ])oints Thus, the 
tin-base alloys have melting points of 23d (). to 30d ('. On the other 
hand the newer zinc-base dic-ca.sting alloys such as “Mazak” have 
melting points of about 400' (\ 

The aluminium die-ca.sting alloys are c*a.st at about 7<K) 0. The 
highest melting point alloys hitherto used for die-castings are bras.ses 
and aluminium bronzes, the pouring temperatures for which are about 
1000° C. to 1 100° C. 
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Some typical examples of die-cast parts are illustrated in Figs. 
130, 131, and 132 ; most of these have been made in aluminium, brass, 
and zinc-base alloys. These alloys are now very widely employed 



Fig. 130 Somk Topical Kxamples of Zinc-base ano 
Yellow Bkass Die -castings 

for die-cast bearing.s, parts of instruments, automatic machines, 
meters, cash-registers, telephone and electrical apparatus, and wireless 
fittings. 

It can bt' statinl that, but for the relative cheapness of the die- 
castiiig methods, the majority of the items previously mentioned would 
cost appreciably more. 
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Accuracy of Die-castings 

In tin- and lead-base alloys a high degree of accuracy can be 
obtained, viz. approximalely 0*()01 in. x>er linear inch. On small parts 
this refinement is excwded, variations of dimensions being of the 
nature of 0 (MX)2 in. For ziiu* alloys 0*002 in. and aluminium alloys 
0*004 in. per linear inch are more usual figures. With the higher 
temperatures required for Ihe cop[KT-ba^e alloys, brasses, and alu- 
minium bronzes, a high tolerance must be allowed, as the dies wear 
at a greater rate. 

A draft or slight tapcT is necessary in order to allow the finished 
casting to be ejected from the die. This varies from 0*0005 in. per 
inch, in tin-base alloys, to 0*010 in. ]K'r inch in aluminium and other 
high melting point alloys. 

Pressure Die-casting 

The ])rinci]>l(^ of the ap])aratus used is simple, and ean be described 
as follo\\s: Imagine an ordinary teapot filled with molten metal. To 
tlje spout of th(‘ pot is fixed the die, and into the top, in place of the 
lid, a metal ])lunger is introduced. Sharp application of pressure on 
the top of the plunger will force the metal up through the s pout i nto 
t he die , which is ca]mble of o])ening readily for the release of the 
casting thus ])r()du(‘ed A small hand-operated machine, patented in 
1872, worked exactly on the lines described, and, although modem 
machines on the plung(*r lines are, ot counse, much more complicated, 
the principk* is the same 

The ])ressur(\s em])loycd range from 100 to 6000 lb. per sq. in., 
depending u])on the nature of the alloy and the type and size of 
casting to be jiroduced. 

The general equipment of the modern die-casting machine includes 
several melting ]K)ts, generally gas or oil-heated, usually of cast iron, 
which are jilaced (»lose to the machine so that the molten metal can 
easily be poured. The ac'tual (*asting machine has also a reservoir 
containing metal, which is kept hot by gas burners, enclosed in a fire- 
brick lined chamlw'r. The plunger is operated by means of a long lever, 
and the puni]) with the jilunger is attached to the reservoir. A plate 
which swings on a hinge is brought into contact with the spout, and 
fasUmed into position with clips. The mould or die is also fastened to 
this plate, and consists of at least two parts which are held together 
with a toggle joint which admits of quick release, thus parting the 
mould after the metal has been poured. The parts of the mould are 
kept in register by means of dowels. A rack and screw mechanism is 
used for removing the cores. Internal threads are produced by screwed 
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cores, and external threads by screwed collars. Vents are placed 
judiciously at intervals to enable the air expelled by the incoming 
metal to get away, and the success of any particular casting often 
depends upon the skill used in venting the die. The vents are usually 
thin, flat apertures, through which air, but not the molten metal, is 
able to penetrate. 

The operation of casti ng in a plunger type machine is as follows : 
After the reservoir has been filled with molten metal and the lip of 
the nozzle cleaned from any dross, the die itself is prepared. This is 
opened, cleaned, oiled, and sometimes dusted with French chalk, cores 
are racked and screwed in position, and inserts or bushes are placed 
as required. It is then closed, and by means of the plate already 
des(Tibed is brought up against the nozzle of the reservoir and 
carefully press(»(l closely and accurately to it. The plunger is then 
opera1(Hl by a long level , the arm of this being moved by the workman. 
It is doubtful if there is any one definit^e kind of stroke of the plunger 
which is the correct one for properly forcing the metal into the die. 
The kind of pull on the lever is very important, but while in some 
cases a sharp stroke is necessary, in others a good long folio w^-through 
pull is the best. 

The casting completed, the mould is opened after severing and 
removing the sjKiut. The removal of the casting is effected by advancing 
a set of ejector ])ins, which li(‘a flush with the surface of the die during 
the casting optTation, and th(‘ casting is gently pushed out immediately 
afte^r it has solidified. Nearly all zinc-base die-ca.stings just show the 
marks of the ejector pins. The casting is now ready for trimming, and, 
if Tcquired, for jiolishing, plating, etc. 

The Dies 

(Considerable ingenuity is oft/en required in connection with the 
design of the dies for du*-(‘asting machines ; in addition great accuracy 
and a know'le<lg(' of the casting jiroperties of various alloys are essential. 

It is necessary for the die-designer to draw largely on his exjierience 
in connection with the thickness of the die metal, its shape, the 
positions of the gat(‘ and vents, and the operation of the ejector. 

The die itself is usually made in two parts, namely, a stationary 
cover and a movable ejector. All cores employed must either be 
tapcTcd or collayisibk' for withdraw^al. The dies for new designs of 
parts to be die-cast frequently have to lie completed by a trial and 
error method after the first' approximately accurate trial casting has 
been made; this is one of the reasons why the dies are frequently 
expensive. 
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In regard to the material used for the dies, carbon steels have been 
found satisfactory for low melting point alloys of the lead-, tin-, and 
zinc-base class. Steels of 0*4 per cent (‘arbon content give exceedingly 
long periods of service, provided they are suitably normalized. On the 
other hand,/9r the higher melting point alloys, such as those of aluminium, 
alloy steels have been found to be necessary. The alloy steels usually 
employed for this purpose include chromium, nickel-chrome and 
chrome-vanadium grades, suitably heat-treated; non-shrinking tuug- 
sten-chromiura-manganese steels are also used.* 

The metaj used for the cores is usually an alloy steel, or the same 
steel as for the dies ; high-sjH^ed steel (*ores an* also favoured. 

Heating ttie Dies 

When die-castings are to lx* made it is usual to heat the dies to about 
100° C. for the lower melting point alloys, and rather bight*!* for the 
other alloys. Where rapid cooling of the metal after (‘asting is retpiired, 
in the case of fast production, the dies and cores are oft(*n matle hollow 
for water- cooling ; further, it is often necessary to lubricate the dies 
and cores with beesw’ax. 

Die-casting Machines 

Die-casting machines are of two t\]K‘s, namely, the com])ressed air 
and the plunger types, certain (k‘signs have ht*f*n used, however, 
which employ centrifugal force. In the com])r(*ssed air type the molten 
metal is enclosed in a reservoir connected by a to the mould; 

air pressures up to 500 lb. ])er s(|. in are emplo\ed to for<*e the molten 
metal into the moulds. 

The plunger method, as its naim* implies, utilizes the ])rinciple of 
a moving plunger in the sealed molt(*n metal v(*ssel to forci* the metal 
into the mould; the plunger may be ojK‘rated (‘it her by hand or 
mechanically. 

Alloys for Die-castings 

Hitherto, as mentioned previousl\, tlx* die-casting jiroce.ss has 
been of limited application owing, ])rin(‘ipally, to the low stnmgth 
properties of the alloys employed. It was fourxl that tlx* sharjX'st 
and most accurate die-castings were those from tlx* zinc, lead, and tin 
alloys having low* t(*nsile streuigths and ])oor du(*tilities. Mcjst of the 
die-castings made from the.se alloys wen* suitable for ornamental 
purposes or where light loads only were involv(*d. 

♦Full particulars of dje steels an* jjjivcn iii C’hii])t('r \'I, Volunu* I, of this 
work. 
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As a result of research into die-casting methods and materials it 
is now possible to produce die-castings in aluminium alloys up to 
16/18 tons per sq. in. More recently R.R. alloy has successfully been 
applied i ;0 die-cast pistons. Fiu*ther, it is now possible to make die- 
castings from certain of the bronzes, e.g. aluminium and silicon 
bronzes. 

Another class of high tensile alloys for die-casting is one containing 
zinc for the greater part, together with additions of aluminium, copper, 
and magnesium. Tensile strengths up to 21 tons per sq. in. have been 
obtained from alloys of this class, notably “Mazak” zinc- base alloys. 

The alloys employed for die-casting may be divided broadly into 
four principal classes as follows — 

(1) Lead-base Alloys 

I'he.se contain lead for the greater part together with tin, antimony, 
bismuth, or copper. They are low strength die-casting alloys, giving 
sharp imj)rcssions of the mould. I.icad toys are gravity die-cast from 
hucli alloys , low strength bearings for machinery are also made 
therefrom. T.i(*ad-base alloys are tolerably free from corrosion under 
ordinary (‘onditions. 

These alloys have melting iK)mts of about 320 C.-340^ V. The 
follovsing are some tyjncal die-casting lead alloy (*omj)Obitions — 

TABLP] 83 
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(2) Tin-base Alloys 

These alloys, in addition to their tin content — which forms the 
greater proportion — contain copper, lead, and antimony; in some 
cases bismuth is iiK'Iuded. Their strength is relatively low, but they 
possess very good antifriction properties, and are, therefore, employed 
for engine bearings. 

They give sharp die-castings with very little (contraction so that 
the minimum of machining or scraping — in the case of bearings — ^is 
required ; for many purposes the accuracy obtained in the dies is so 
satisfactory that further machining is unnecessary. 

The melting point of these alloys is about 340° C. to 300° C. The 
dies should be heated to 80° C. to 1(K)° (\ bc'fore pouring the metal. 

Tin-base alloys are free from corrosion by water, oils, or weak 
alkaline or ac'id solutions. 

The tin-base whitemetals and Babbitt metals descTibed in Chapter 
VII are mostly suitable for die-casting purpos(‘s and in each particular 
application the most suitable (*omj)ositi()n can be selected from the 
information there given. 

In general the die-casting tin-base alloys are hardtT and stronger 
than the lead-base ones, but are more (‘ostly. They possess low frictional 
coefficients. 

The tin-base alloys can be readilv soldered and eli'ctroplated. 

With the adoption (jf lined crankslnift and big-end conne(‘ting rod 
bearings, including the thin whitemetal-lmed steel sh(‘ll bearings used 
on high-performance jictrol engines, the separat , die-cast tin-alloy 
bearings have Ix'cn to a large extent rej)lac(sl by Mie former ty]:K\s. 

Tin-base die-castings, a])<irt from their us(‘ as lK\irings, an* used 
where low slirinkage on cooling is required for a(*cura(*y, i e. for number 
wheels, small gears, odometer parts, etc Tin aliens suitable for die- 
casting include also the better grades of jxnster, i.c with lower lead 
content. 

(3) Zinc-base Alloys 

These alloys constitute the most widely used of the die-casting 
metals, about three times the weight of all die-castings being made of 
zinc- base alloys. 

Most of these alloys consist of zinc hardened with (X)j)]:K*r and tin 
or copper and aluminium. Initially, a certain amount of trouble was 
experienced with die-castings of the zinc-base class due to inter- 
granular corrosion. The castings which apjx'ared to be sound at first 
distorted and increased in size when stored; in other instances they 
developed cracks in service and even broke into jiieces. 
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These defects were subsequently shown to be due to the presence 
of certain impiurities in the zinc alloys and it was found that if these 
were kept below a definite limit the troubles mentioned did not occur. 
The use of purer grades of zinc up to 99 9 per cent purity by electroljrtic 
and vapour refiuxing processes has now resulted m the production of 
sound and permanent die-ca stings in zinc-base alloys 

The principal impurities in these alloys are lead and cadmium, and 
these constituents are kept down below 0 003 per cent 

In the case of Ihe eojiper-tm-zmc alloys it has been found that the 
presence of aluminium in excess of 0 5 per cent has a deleterious effect 
so that the latter metal must be kept below this iienvntage With 
the (op])er-alummium-zinc alIo\s the presence of tin in excess of 
0(H)5 tends to cause failure by distortion, spelling, and cracking 
The compositions of some typical /me -base allo\s are given in 
Table' 84 and the* mechanic*al properties in Table 85 
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B,S. Zinc Alloys for Die-casting, The British Standards Institution 
has issued two specifications, as follows: B.S. 1003 High Purity Zinc, 
and B,S, 1004 Zinc Alloys for Die-castings, The former relates to the 
high purity zinc used in zinc alloys for die -castings and specifies the 
following maximum percentages of the other elements, namely, lead, 
0*003 ; cadmium, 0*003 ; other impurities (excluding iron and copper), 
traces. Total impurities 0*01 per cent. Two zinc alloys, designated A 
and B, are specified. The former has 3*9 to 4*3 per cent of aluminium, 
with very small specified amounts of copper, iron, magnesium, lead, 
tin, and cadmium, the remainder being zinc. The latter alloy has 3*9 to 
4*3 per cent of aluminium with 0*75 to 1*25 per cent copper (as against 
0*03 per cent in alloy A). Steam, weight, shrinkage and mechanical 
tests are specified. The mec'hanical properties are given in Table 86. 


TABLE 86 

Mechanical Properties of B S. Zinc Alloys for 
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Mazak Alloys. In reference to the Zamak alloys these are produced 
by the New Jersey Zm(* Company of America and are widely employed 
in that country. The Mazak alloys are similar in their properties and 
are marketed in this country by Messrs. Morris Ashby Idd., London. 

In addition to aluminium, copper and magnesium the Mazak alloys 
have very small proportions of iron, lead and cadmium, the sum of 
these latter elements not exceeding 0*081 per cent. 



DIB-CASTINGS 


277 


The copper-aluminium-zinc alloys are about the strongest ones 
and, owing to the aluminium content, the fluidity of the molten metal 
is improved so that sound castings with thin sections can be produced. 
It is often necessary to heat-treat such alloys by heating to about 
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280° C\ f()llo\\e(l by sIoh cooling to 240° C. and final cooling in air; 
this treatment accelerates any age-hardening effect. 

The theimal (xpmuion'i of Mazak alloys Nos. 2, 3 and 5 are 27*7 
X 10 *, 27-4 X 10“* and 27-4 x 10“® per ° C. res^ieotively. 

The solidification shrinkages are 0-15, 0-14 and 0-14 in. per ft. 
respectively 

In regard to the impact strengths as tested on a Charpy machine of 
40 ft. -lb. capacity with anvil gap of 40 mm. and using un-notched 
specimens, the resjiective values for the three alloys mentioned are 
19 00, 20-25 and 17*5ft..lb 

Mazak alloys experience ageing, the metal being in a meta-stable 
state as soon as (*ast, since certain phase changes which normally 
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occur during slow cooling are suppressed. One phase change of small 
intensity is largely completed in five weeks ; another occurs which 
requires several years for completion. In the case of the No. 3 Mazak 
alloy, after three years’ ageing the tensile strength falls from 18*0 to 
15-1 tons per sq. in., the percentage elongation increases from 4*7 to 



Kin 134 Gump MA/^K J)ii < \sri\<,s 
{Abou) rn 1 < iHiipoiKiits ilMon) LIoGik tiaiul dull < iKinj s 

( M oh* rhampton Ihe-roHtnvf t o Ltd ) 

6*1 and the Brinell hardness falls from 74 to 07. The No 2 alloy sho\^s 
a slight increase in tensile strength and hardness after three years, 
from 83 to 106, but the impact strength drops from ID to 0 ft -lb 
The changes due to ageing can be brought about by heating the 
castings at temperatures of 70® C. to 95® C., so that the }>hase changes 
of normal ageing are achieved in a days Improved Mazak alloys, 
employing higher casting pressures, now give higher nun hanicaJ test 
values, a typical alloy, known as Stabilized No. 3, having a tensile 
strength of 18*9 tons jier sq. in. with 11-4 jkt cent elongation, (’harpy 
impact strength of 34-9 ft. -lb. and Brinell hardness of 03. 

The advantages of zinc-base alloys for die-castings are that they are 
relatively low in cost , are stronger than lead- base alloys ; have easy 
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die-casting qualities at relatively low temperatures which permit the 
cheaper die steels to be employed ; can be used with plunger-casting 
machines with readily obtained high pressures; are smooth and to 
close dimensional limits ; can be cast in very thin sections ; are readily 
machined when necessary; take any of the ordinary commercial 
finishes ; and possess good surface corrosion resistance when high 
purity alloying elements are used. 

In many instances, however, the zinc alloys show surface corrosion 
tendencies, especially in moist atmospheres and in contact with steam, 
so that in such cases surface protection coatings of chromium, ni(‘kel, 
etc., are necessary. 

Among the numerous commercial applications of zinc-base die- 
castings the following may be mentioned, namelj': Automobile 
radiator grilles, window and frame castings, heater casings, gramophone 
motor frames, parts of calculating machines, carburettor castings, 
washing machine components, refrig(*rator ]>art8, instrument casings 
and parts, (‘lectric motor end covers and frames, petrol pump bodies 
for automohile fuel feed systems, tail and side lamp bodies, automobile 
bodywork fittings, e.g. door handles, window regulators and grijw, 
domestic ma<*hine parts, tyixnmter frames, meter fittings, photo- 
graphic accessaries, canning ma<*hine parts, electric fan parts, etc. 

One of the most im|K)rtant applie^itions in automobiles is that of 
die-castings in strong zinc-base alloys of radiator grilles. ^ In this 
connection very thin sectii)ns can be cast, namely, down to about 
()()2t)in., and the smooth surfaces obtained require only a minimum 
amount of buffing in preparation for chromium plating. Complicated 
designs of sueli die-(‘astings are readily produml and sueh castings 
often take the place of s(*veral assembled stampings, thus forming a 
one-j)iece structure which includes ribs, bosM‘s, threaded elements and 
similar items. The employment of liglit seetions for radiator grilles 
offsets to a large (‘.\tent the grt»ater density of the zine-baae alloy in 
comparison witli steel stampings or pressings. 

One disadvantage of many zinc-base thin section die-castings is 
that if ac(‘identally broken they cannot be rejmired satisfactorily. 

In regard to the weights of radiator grilles, typical examples as 
uw^d on the high-fxiwered American (^ars, e.g. Ca<lillac, Buick and 
I.#a Salle, weigh from 18 to 20 lb. In some instant*es these grilles are 
made in two sections, w hen the total weight w ith btdts, mit.s and fixtures 
is rather higher. 

Intercrff stall ine Vorrosion. Zinc- base alloys are subject to this type 

* Seo hIho “Dio ('’ast Knduitor (»riUo8,'* JMachnicry Supplements 5th Mav. 
1938 . 
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of corrosion, which is due in some instances to stressed casting conditions 
and in others to impurities. Zinc-base die-castings have been shown 
to be more prone to intercrystalline corrosion uhen tin, lead and 
.cadmium impurities each exceed a certain proportion , for this reason 



Fin Vn Imiik \ti J)ii < xsnsf. in M\/\k 

Zl H\Sf \lllA 

the presence of these elements is nstrictcd to ver\ low proportions, as 
indicated with the British Standards alloys nuMitioned on page 27t) 
As this corrosion occurs in the presence ot moisture ac(t l<»rate<l st^^am 
tests are usually employed to detect such tendencies 

Surface Finishes. In in8tanc<*s where good surface ap|)earance is 
required on zinc-base die-castings— w hich normally possess a dense 
smooth skin — the castings can be painted, enamelled or varnished with 
suitable materials. For finishes requiring heat, e g. stove enamels and 
synthetic resins, it is important to us(^ a zinc alloy which does not 
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experience detrimental changes in mechanical properties or in dimen- 
sions by subsequent ageing at the stoving temperatures. 

A special alloy suitable for stove enamelling is Mazak No. 3, which 
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can bo heated to 15()^ C to 218° (\ w ithout disiwlvantageous effects. The 
modern “lou-bake synthetic” enamels require stoving at only 100° C. 
to 110' so that a wider range of alloys is available. Zine-bose cast- 
ings can be electro-plated with nii^kel, chromium and silver, but special 
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pre(*autions are ne(‘essary to ensure sound adherent coatings. These 
alloys can also be given copper, bronze, and brass finishes. 

(4) Aluminium-base Alloys 

After the zinc-base alloys these are the most widely employed for 
die-casting purposes. The use of aluminium alloys for those applica- 
tions enables light high-strength (‘astings to be produced to ^^ithin 
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fine dimensional hmit.s Such castings <ire permanent n^ sha|M* and 
can be used over a much gre«iter temperatun* range tloin the lead- or 
zinc-base ones. They possess excellent th(Tm«il and (*lectncal con- 
ductivities also 

Die-eastings can be made in (|uantiti(‘'s at a mu(‘h lover (‘ost |ht 
unit than sand-castings. Thin as well as thick sections m,iy Ik» cast 

Aluminium-base die-castings are smoother in appearance than sand- 
castings and the metal is denser They can be produced so accurately 
that machining allowances and finishing (*osts are (‘onsiderahiv less 
than for the best sand-eastings. 

The fact that metal dies or moulds are employed indicates more 
rapid cooling of the alloy with increased dimsity of the resultant 
easting. The tensiJc' strengths and hardne\sses of die-castings are 
invariably higher than for sand-eastings of the same alloy. Further, 
there is a notable absence of porosity and dross inclusions — in other 
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words, the (tastings are uniformly more sound. A further effect of the 
more rapid cooling is that of grain refinement throughout the mass of 
the metal ; the increased hardness is due to this. 

Alloys Used. There is now a fairly wide range of aluminium alloys 
available for dic-casting purposes. Typical instances of these are the 
8 and 12 per cent copper-aluminium alloys, aluminium-copper-silicon 
alloys, with or without the addition of small amounts of nickel, Y-alloy, 
R.R.53, Ii.H.53C, Hiduminium 23, Hiduminium 40 and 42, Birmal 
and other commercial alloys. Certain B.S.I. standard alloys, such as 
the aluminium-copper-tin L.ll, aluminium-copper-zinc 6B, aluminium- 
copper L H and the aluminium -copper-zinc 2L.5, are also suitable for 
die-castings. 

Another alloy having high strength properties is the NA.226,* 
which is made to conform to the D.T.D.Sfil, D.T.D.304 and D.T.D.298 
Specifications, giving tensile strengths (chill-cast and heat-treated) of 
27-0, 25-0 and 10-0 tons per sq. in. resj)ectivel 3 \ This alloy contains 
from 4 to 5 jx'r cent copper; 0*9 fx^r cent (max.) silicon; 0*7 per 
cent (max.) iron; 0*25 per cent (max.) titanium; less than 0*2 per 
cent impurities; and the rest aluminium. 

A typical American alloy forming one of the Alcoa range contains 
14 per cent copper, 2 per cent silicon and the rest aluminium. It has 
a temsile strength of 10 tons |)er sq. in., with 1 per cent elongation and 
Brinell hardness of 95. The specific gravity is 2*98. The melting 
[K)int (liquidus tenij)erature) is (KK)'" C. Another Alcoa alloy of the 
nickel-content c*lass contains 4 per (*ent copptT, 1*75 j>er cent silicon 
and 4 ptT (*cnt of nickel The tensile strength is 13*9 tons per sq. in. 
with 1*5 ix^r (‘tuit elongation. The Brinell hardness is 80 and specific 
gravity 2*87. The melting jx)int (liquidus temperature) is 629® C. 

An exainj>le of a high-silicon content aluminium-base die-casting 
metal is the A S.T.M. No. 5, having 12 j)er cent silicon and 88 per 
(‘ent aluminium. This alloy |)ossesses good fluidity and gives .sharp 
mould impressions. It has a tensile strength of 14*7 tons per sq. in. 
with 1*5 })er cent elongation 

From these considerations it will be seen that the aluminium is 
strengthened by suitable iwiditions of other elements, notably copper, 
nickel and silicon. For pressure casting the amount of zinc must be 
kept low, as otherwise* there w'ould be a tendency to red -shortness; 
it should not ex(‘w*d about 1 *5 per cent as a general rule. 

EJfect of The difticulty previously experienced in connection 

with somew hat «*xc'essive shrinkage of the aluminium alloys has been 
overcome by the inclusion of silicon, which not only reduces this 
♦ Northern Aluminium Co. Ltd. 
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DiE-CASTINU AUTMINirM Alj^oys 
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shrinkage but increases fluidity and avoids any cracking tendency; 
moreover, it improves both the malleability and corrosion resistance 
appreciably. Aluminium -silicon alloys are free from hot-shortness, 
but if the silicon content is high there is a tendency for the molten 
metal to attack the iron of the melting pots and submerged goosenecks. 
The silicon imparts a bluish tinge to the aluminium. 

The ductility of the high silicon content (12 to 14 per cent) alum- 
inium alloys is improved and the grain structure refined — but at the 
expense of a loss in tensile strength — by annealing the die-castings 
for one or two hours at a temperature of 400° C., followed by slow 
cooling. The hardness is also reduced by about 30 per cent by this 
process. 

Aluminium alloys have a solvent action on iron and it has been 
showm by analyses of ty[)i(*al die-castings that from 1 to 3 jier cent of 
iron is often pre^sent. One effe(‘t of this is to raise the melting point of 
the alloy. Prolonged contact of the molten alloy with iron melting 
pots may affect the fluidity of the alloy and result in surface defects 
on the castings. 

Economy o! Die-castings 

Apart from the fa(‘< that aluminium-base die-castings have a 
smooth(T and much cleaner apix^arancH' than sand-castings and are 
from 10 to 20 jxt <*ent stronger in tensile strength and hardness, they 
can be produced more cheaply, provided that a sufficiently large 
number of eastings is produced, in order to offset the relatively high 
cost of the dies and machines employed. 

In the cast* of gravity die-castings the economic minimum usually 
lies between It KM) and 3(KH), the former value l)eing for the more 
coinplieated c«istiiigs and the latter for the relatively simple ones. 
For pressure die-castings, h()\^ever, where the costs of the machine 
and dies are greater, the minimum quantities that can be produced 
economically are soint'uhat greater than for gravity eastings. 

In conne(*tion with tin' life of the dies used for pressure easting of 
aluminium- base alloys, when correctly designed and of the most 
suitable alloy die steel, these dies are usually good for 20.0CK) to 100,000 
castings, according to the size and design, tyj>e of alloy used, etc. 
The maximum u^dghts of casiimjs of plain section that are made at pres- 
ent by the pressure method are about 15 to 18 lb,, and the dimensions 
20 X 10 X 36 in. The sectional thicknesses arc limited to a minimum 
of about in., and the usual tolerances an* within i 0*001 in. (in 
special instances) to 0*002 in. (normal values). 

An interesting comparison between the cost and output in the case 
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of pressure die-eastings in aluminium alloys* is given in Fig. 139, 
which shows how the cost per 100 castings diminishes with the number 
of castings produced. The hatched area below the horizontal line 
denotes material and production costs per 100 castings, excluding the 
cost of the dies. The hatched area above the horizontal line represents 
the proportionate die coats per 100 castings. 

An interesting example of the saving effected in the application of 
die-castmgs is that of the Lcyland commercial vehicle gear-box which 



OUTPUT IN thousands 

Fig. 139 Reiation nhTUEii.v Die Cost and Oitpi r of 

PrESSLRK DtF ( ASTINfrS IN \lI MINU M \LI C)\ 

was made of an aluminium alloy containing 7*5 ja i uni copptT and 
3*5 per cent silicon. The finished casting ^^eigh(*d 52 lb. When made 
as a sand-casting the time of production was 225 mm., but ^or the die- 
casting this time was only 12 min. The contraction all(A\ance was 
0-008 per inch. The weight of the die — which contained t\\enty-(‘ight 
working parts — was about a ton. The jiounng temjxTature was 
750° C., the mould being preheated to 400 C. The gravity die-ca.sting 
method was employed in this example. 

Pressure and Gravity Die-castings 

Pressure castings require the use of more expensive* dies and involve 
higher setting-up costs. They necessitate the u.se of plant which will 
produce injection pressures of a high order, namely, up to al>out 
5000 lb. per sq. in., although in special cases higher injection pressures 
are employed. In the case of low pressure or hand-o])erated machines 
pressures as low as 80 to 100 lb. jier sq. in. are often used. The dies 

♦ Li^ht Metals, 1939. 
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and their supports must therefore be designed sufficiently rigid to 
withstand these jTOssures without any tendency for the dies to 
open. 

In general the pressure method is considered to give slightly denser 
castings, with greater accuracy for the finished parts than by the 
gravity process. Thinner sections (down to about in.) can be cast 
by the pressure process. The speed of production by the pressure 
method is from four to five times greater than that of the gravity one 
and the parts as removed from the plant are usually in completed 
form, requiring the minimum of machining other than sizing to 
precision limits by surfacing methods such as reaming, honing, grind- 
ing, etc. As the castings leave the dies they have a rather better 
surface finish than by the gravity method. 

Th(‘ advantages of gravity die-eastings are that they are usually 
cheat^er to ])ro(luce ptT unit part, are but little inferior in density and 
finish and can l)e made for casting designs involving complicated 
undercut iK)rtions, such as those of jjetro]- engine pistons and crank- 
(Mises. The pressure method has its limitations for such purposes, 
since the complicated dies or intricate built-up core units would 
prove excessive in cost and operation time. 

A further advantage of the gravity proce.ss is that it can be used 
with a much wider range of aluminium alloy compositions than the 
pressure proix^ss, with which only a restricted range is possible. 

Atypical application of the gravity die -casting method is illustrated 
in Fig. 14(1,* th<» particular design lx?ing for an Austin small engine 
piston. When (‘a.st in chill moulds with steel cores this can be produced 
at the rate of fifty hour, as com|)ared with ten per hour for the 
sand mould cast pi.stons. The core is of a somewhat intricate shape, 
but by making it in steel in several }>ieees it can readily be assembled 
and also withdrawn. As stxm as the metal in the runner is set the 
gudgeon pin cores are eased out and the centre wedge removed. The 
latches are then thrown back and the two cores forming the contour 
of the inside of the piston are taken out ; finally, the die is openeii and 
the castings removed It will lx* s<*en from the illustration that the 
runner is of gooseneck form in order to control the rate of flow* of the 
metal. 

Increase in size or intricacy of the casting to lx* made reduces the 
adv^antage of the die-casting methcxl until the jioint is reached where 
the sand-casting method becomes preferable. 

('old ahvis in die-ca.Hings are skin formations on thin sections by 

♦ Oratn4y Dte-cojtimgft in Alumtntum Ailoys^ Northern Ahmimiuni Co. 
publication. 
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chilling and occur when the continuity of liquid metal in the mould 
is broken, owing to the solidification of one or more streams of metal 
before the mould is completely filled. For this reason thicker sections 
should not be fed through thinner ones and adequate radii should be 
left at corners wherever possible. 

The high shrinkage of aluminium alloys on solidification necessitates 
the provision for a ready flow of molten metal in order to avoid 



Fig 140. Cramt^ Die t \st Pision pok \ s »v 
At tomobili Engine 

shrinkage cavities and draws ^ These defects are usually safeguarded 
against by placing risers above hea^ v sections to ensure that fresh 
metal shall replace that drawn away b\ adjacent parts wdiich solidify 
more rapidly. In instances where thin sections adjoin thick ones the 
ditferential shrinkage effect is sometimes su(*h as to cause cracking, so 
that careful design of the casting and metal f<‘eding mcthcxls is neces- 
sary for its avoidance. 

Applications of Aluminiuin Die~castings. There is a v\ide range of 
parts made by die-casting methods in mass prcxluccd engines, 
machinery, instruments, domestic and other plant 

In autonn^bile and aircraft engines, typical ajiplications include 
pistons, crankcases, carburettor castings, dynamo and starting motor 
frames and other parts, magneto casings and end covers, oil sumps, 
sparking-plug fins and radio shield parts, high strength levers and 
brackets, etc. The undercarriages (retractable) of aircraft utilize 



DIB-OASTINOS 


289 


several high strength alnininium die-castings. Other aircraft applica- 
tions include pilots’ control levers, impellers for superchargers, brackets, 
tubular fittings, etc. Brake shoes for automobiles, cooling fans, clutch 
components, covers, levers, brackets and similar items requiring high 
strength for low weight are among some of the other applications of 
(lie-castings. 

Aluminium die-castings are also used for domestic articles such as 
vat'uum-cleaner motor and nozzle units, refrigerator radiator cylinders, 
spouts for t(*a and coffee |X)ta, juice-extractors, washing machine 
agitators and cover frames, food mixers, wringer parts, etc. 

TyfK‘writer frames, camera bodies, parts of adding machines, meat 
slit^^rs, vending machine comiKWients, and various office machines are 
also mad(» by the aluminium die-casting method. 

Certain elements of machine tools produced in (quantity made by 
this method include gear-box castings and covers, pulleys, hand 
wheels, chain cases, etc. Portable electric and (*ompressed air tools 
also employ die-cast comjKments. 

fn the ele<*trical industry there is also a wide field of application 
in connection with parts for dynamos, motors, instruments, telephone 
jmrts, meters, switcligf^ar, traffic signal light hood units, etc. 

Aluminium alloys are melted in a furnace cnuible and kept at 
about 10 C. above the melting point liefore jK)uring. The dies are 
}ieat(Hl to about 250'^ C. to 400 V. It is necessary to lubrie^ite them in 
order to faeililate the removal of the coasting For this purpose a 
mixture of lard, oil, Ikh^swux, and graphite is recommended. 

A facing of French chalk is usually given to the dies. 

Ma8:nesium-base Alloys 

Magnesium- base aIlo\s of certain conqjositionb can be die-cast 
satisfactorily although s]KH*ial methods have to Im> employed on 
acc‘ount of the inflammable nature of these alloys. More recently a 
new ty|K» of furmu'e has Ix^en used for charging the metal m small 
quantities for (*ach casting or ‘shot’* into the machine whilst keeping 
the bulk of the metal in a neutral atmosphere. It has thus l)een 
possible to cast at (UK) C. to 050"' C. with the pressure casting method, 
tising pressure's up to nearly 0000 lb. per sq. in.; the die-castings 
produced have ti'iisile strengths up to 15 tons pov sq, in. 

Owing to the lightness of magnesium alloys, combined with good 
strength proj>erties, the sections of castings can ho imule thicker than 
those of aluminium alloys of equal stiffness so that the design, from 
the jx)ini of die-(‘asting, is to some extent simplified and very thin 
sections which would t'ause casting difficulties are thus avoided. 
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Die-castings now made in the Elektron and Dowmetal magnesium 
alloys are becoming more widely used for aircraft purposes where high 
strength -to- weight ratio is required. To some extent these castings 
are replacing those of aluminium alloys. 

Typical applicjations include bell-cranks, control brackets, tail 
wheel forks, retractable undercarriage fittings, window frames, hous- 
ings, engine covers, brackets and certain other lightly stressed fittings, 
air-intake scoops, aileron hinge brackets, airframe fittings, etc. In 
the cjase of large radial engines supercharger impellers and crankcase 
sections, covers and accessory housings have been made. 

In regard to the alloys employed for die-casting, in addition to 
(certain of those given in (,1iapter IV, there is a range of Dowmetals, 
used for pressure (iastings in the United Stat/Cs, particulars of which 
are given in Table S8. 

The die-casting qualities of magnesium alloys depend upon the 
actual com|K)sitions, those with the higher aluminium content being 
the more easy to cast. An improvement in the casting results can, 
hov\ev(T, be obtained in the case of tlu* more difficult alloys by employ- 
ing higher casting pressures, 
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In conrifH'tion with the alloys given in Table 88 Dowmetal gives 
the lK*st combination of casting and physical pro|KTties, whilst Dow- 
mctal M jKisscsses the lK\st corrosion resistance. Another magnesium 
alloy having 10 jK‘r cent aluminium and 0*2 jKT cent manganese is also 
used on ac4‘ount of its satisfactory die-casting projxTties. It has a 
tensile strength of 12-5 to 13-5 tons |kt sq. in. with 1 to 2 per (?ent 
elongation and a Brinell hardness of 55 to 00; the sj)ecifie gravity 
is 1-81. 
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Oopper-base Alloys 

Most of the brasses and bronzes described in Chapter V can be 
die-cast satisfactorily, although the relatively high melting points of 
these alloys introduce com ])licat ions in regard to the length of us(‘ful 
life of the dies employed, since the shorter period before w hich the dies 
have to be discarded affects the economical production of the castings. 
For thi« reason the more simple parts in these alloys can usually hi) 
made at appreciably lower cost by the hot stamping })rocess. Further, 
the machines used for die-casting copi^er alloys are of different design 
from those for most other alloys, so that it is not usually ])ossible to 
utilize the latter type. Some of the machines employcul for coj)fKT 
base die-castiugs operate upon the principle of ladling the molten 
metal from a melting pot into a cylindrical member from which a 
hydraulic ram forces it in the plastic condition into the di(‘s, as distinct 
from using the molten metal for this purpose. 

In regard to the lif^^ of the alloy steel dies it is usually possible 
to obtain about 30, 000 to 50, (XK) castings only ])or s(d of di(Ns. The 
dimensional limits possible with copper-base alloy (lie-(‘astings are 
somew^hat less than those of the other die-casting alloys ])r(‘viously 
considered, but they are usually such that consider i bly less final 
machining is necessary than for sand or forged parts r)f similar design. 
It is possible also to die-cast brass to st‘ctions as thin as ^ inch. 

The alloys most used for die-castings include the l>ot stamping 
brasses, extrudable brasses, yellow brasses, nickel silvers and (‘<»rtaiu 
bronzes, particulars of which are given in Ch.tpter v\ In order 
to minimize the cost of the dies and therefore to reduct* the (‘ost |K^r 
casting, the alloys having the lower melting jioints are preferred in 
cases where maximum strength and similar mcchanitvil pro|H‘rties are 
not the ruling factors. 

Bronze alloys of 8S per cent cojiper anti iS to IG jier cent tin with 
small proportions of lead and zinc can also he di(*-cast satisfactorily. 
In regard to season cracking defects these are notably abs(*nt in die- 
cast copjier alloys, but occasionally blistrring due to a vt'ry small 
degree of porosity in the metal of die-castings is ex|)erien(*cd. 

The applications of die-castings in <‘opixjr-base alloys include those 
fields in which relatively high strength projierties combined with 
marked resistance to corrosion by imiiure atmospheres and ec*rtain 
liquids are required. For these reasons they are (*m]>Ioyed for (*omp(). 
nents of plant used for handling liquids and gases, for marine purjKweH, 
domestic hardware, gears for small machines, meters, instnimentH, 
etc., nozzles, unions, elbow-fittings, tap and eoek fittings, s|K‘eiaI 
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bearings, impellers and pump parts for liquids, bolts, nuts, caps and 
covers, etc. 

In connection with the die-casting methods used, the gravity one 
is generally employed for parts in aluminium bronze, high tensile 
brass and nickel brasses and silvers. The pressure method can, how- 
ever, be employed, but the life of the dies is shorter and their initial 
cost higher. 

Aluminium Bronzes 

The aluminium bronzes lend themselves admirably to the gravity 
die-casting process. These are employed commer(*ialJy for castings of 
intricate shape. The alloys used range from 90 (*ent copper, 
10 jier cent aluminium to those containing iron, manganese, and nickel 
in varying proportions, and the series extends to the aluminium brasses, 
or those containing copper and zinc as the main constituents with 
aluminium as an extra one. The brasses are not free from difficulties 
in the casting opt^raiions owing to the formation of zinc oxide. 

Tlie results of some tests’** carried out on aluminium bronze alloys 
suitable for die-(*asting are given in Table 89. 
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Table 

JK), p. 

295, gives particulars of some typical die-casting 


aluminium bronze's. 

Aluminium bronzes cast well, one set of dies being ca{>able of 
producing at least 15,000 to 20, (KK) eastings. 


* OastnigM,*' F. Fry, Proc, Jpwt, Mech. Kngrs, (Soptomber, 1930). 
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Iron-base Alloys 

In concluding this chapter, reference should made to the fact 
that it is now possible to produce grey iron castings in metal moulds; 



Fitt 142 All MiMi M j5iio\/i J)ii < \sii\(is 3,1 jri T<inh era 
IN Ifnnilf SiHl nc.th 
( l/< nsrn Satfar Hu hardit Ltd ) 

a particular example is the Szekeley process for casting iron in nud al 
moulds lined i^ith a mixture of French chalk and ])araffin 

The Holley Carburettor Co,, of America, have used die-cast, cast 
iron for carburettor bodies for the Ford (V) The castings vary from 
J in. to \ in. in thickness, and up to 10, (KX) can be prodiu^ed from one 



DIB-CASTTNOS 


296 


set of dies. The dies are faced with a thin mixture of water, fireclay, 
and waterglass baked with a thickness of , in and smoked 


TABLE 90 
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CHAPTER IX 

SOME OTHER ENOINEEBINa ALLOYS 

Solders 

These are alloys of certain metals having relatively low melting 
points in relation to those of the base-metals to be united, so that they 
can be applied to the latter without risk of melting them. The solders 
employed (‘ommercially, when pro|)erly apj)lied to the joints in the 
metal parts to be united, not only till the s])aeeH between the parts, 
but unite witli the surface layers. Thus, in the case of two metal parts 
united with lead-tin solder, if the surfaces are properly cleaned before 
and fluxed during the soldering operation, the solder o(‘cupi€\s all of 
the space between the parts, wdiilst at the surfa(‘(‘ layers the tin forms 
an alloy with the metals of the parts; in effect the tin dissolvers some 
of the surface metal and in doing so penet raters into it. This alloying 
pro(‘ess has the further advantage of requiring only a relatively low^ 
temperature, namely, Ix^low’ 300"’ C., for lead-tin solders. 

The solders used in engineering w^ork can be divided into two 
grotips, as follows: (1) Tfu Soft Soldna, and (2) The Hard SoId4rs. 
The former have low melting |>oints and are composed chiefly of lead 
and tin — in some instanc(‘s with small additions of antiniony. The 
latter class includes the Silver Soldfrs and Brazing whicii have 

higher melting points and give stronger joints. 

It should be pointed out that although the term “hard soldering*' 
is widely used to include both silver soldering and brazing, the latter 
process is often used to define the neihod of uniting twc» metals with 
a film of brass or spelter. 

These two groups of solders are used for uniting steel, (‘ast iron, 
copper, brasses, bronzes and certain other metals and alloys such as 
lead, zinc, whitemetals, pewters, etc., in this connection each metal 
or alloy requires its own particular comj)osition of solder, although 
(‘ertain of the lead-tin solders will unite steel, <‘opfK*r, brass, bronze, 
or whitemetal equally well. None of the usual hard or soft solders 
can be employed for uniting aluminium or magnesium or the alloys 
of these metals. 

The Lead-tin Solders 

The simple soft solders are alloys of lead and tin, the exact com|) 08 i- 
tion used depending upon the purpose for which the solder is to be 
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enij)loyed. l-^ead and tin will alloy in any proportions giving a range 
of alloys from just below 100 per cent lead on the one hand to just 
below 100 pvT c*(*nt tin on the other. 

Fig. 143 sliows the approximate equilibrium or freezing point 
diagram for lead and tin. The line AEB represents the lemperatiu’e 
('onditions for the various alloys at which the liquid alloy when cooled 



slowly begins to enter the “pasty ' state. The line CED which passes 
horizontally through 1S3'(\ on the teinpc^ratiire scale corres]K)nds 
with the solidifi<*ation of tlie alloy and is the temperature at which 
the euUctic consisting of 03 {kt (xnit of tin and 37 ]>er cent of lead forms 
direct from the liquid (or molten) <‘ondition into the vsolid state without 
passing througli the pasty eomlition. This alloy has the lowest melting 
[Xiint of all the lead-tin ones. Those with the higher melting }X)ints 
contain the greater |H*r(*entage8 of leiul ; thus as the permitage of the 
latter metal is increased the melting point inereavses along the line EA^ 
until the melting |K)int of le^d, at 32V C., is approached. Alloys 
containing greater pro|K>rtion8 of tin than 63 jier cent have melting 
points between 183® C. and 232® C. (the melting point of tin). 
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It is interesting to eonsidor the phyHi<*al states of alloys during the 
cooling process for tin compositions of less than that of the eutectic 
denoted by E in Fig. 143. Thus, for the alloy containing 35 per cent 
of tin and 65 per cent lead, denoted by the ordinate PQRS, as the 
molten alloy is cooled from the temperature corresponding to P, 
namely, 400'' C., it eventually drops to the tempc'rature denoted by 
the point Q, namely, 245T., below whi<*h it enters the i)asty region 
of the equilibrium diagram w'hen crystals of lead begin to form and, 
with further reduction of temperature, to grow with (‘onsequent 
increase in the pastiness of the alloy. The residual liquid })ortion 
corresponds to the composition of the eutectic, namely, 63 per cent 
tin and 37 per cent lead. When the temperature eventually falls to 
the value denoted by the alloy passes from the thick pasty to the 
solid condition; the structure of this solidified alloy consists of lead 
crystals in the eutectic of lead and tin. 

For alloys containing more than 63 per cent of tin the pasty 
condition is denot/cd in Fig. 143 l)\ the are*! emiosed by EBI)\ the 
constitution of the partly solidified alloy consists of tin crystals in 
the liquid lead-tin eutectic, and the solid alhn (below 183 (") therefore 
consists of tin crystals in lead-tin eutectic. The ordinate MNPQ 
represents the cooling sequence of the 85 per cent tin alloy wliich is 
“pasty*’ along NP and solidifies at P, 

Physical ami Strength Properties, The ph\sic<il and mechanical 
properties of lead-tin alloys are given in convenient form in Table 91.* 

Some Ordinary Solders 

Among the lead-tin solders that h«i\e been in ns(‘ uv'-r a long period 
are those known respectively as Plumbers' SoldtT and Tinman’s or 
Blowqiipe Solder. 

Plumbers' Solder, which is widely used in ordinary soft soldering 
practice, consists of 66-6 per cent lead and 33-3 yier cent tin (or 2 parts 
lead and 1 part tin). Tt has a wide plasti(‘ condition range from the 
melting point of 250^^ C. down to the solidification point of 183® C., 
and it gives a tensile strength of about 2*7 tons per sq. in. and shear 
strength of about 2 tons jier sq. in 

Tinman's Solder has a composition of 33-3 per cent lead and 6t»i) 
per cent tin (or 1 part lead to 2 parts tin). It viTy nearly (*oincides 
with the composition of the eutectic with solidifying point of 183® C. 
and is suitable for blowpipe use since it has no appreciable inter- 
mediate pasty condition. 

Tin Solder is the name that is sometimes given to the 60/50 lead- tin 
* Publication No. 93, International Tin Research and Dovelopment Council. 
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solder which melts at 212° C. and has a tensile strength of about 2*75 
tons per sq. in., and a shear strength only slightly less, namely, 2-56 
tons per sq. in. It is rather stronger, harder and more ductile than 
Plumbers’ Solder. 

Effect of Antimony in Lead-tin Solders 

The addition of small proportions of antimony to certain lead-tin 
solders increases the tensile, shear and compressive strengths as well 
as the hardness^ The maximum percentage of antimony that can be 
added advantageously should not exceed 6, since above this amount 
hard cr 3 \stals of tin-antimony compoiuid are formed which tend to 
make the solder brittle and also to reduce its surface alloying or 
adhesive properties. If 1 per cent of antimony is added to a lead-tin 
alloy the amount of tin may be reduced by 2 per cent to preserve the 
same proportion of eutectic. Similarly, for every 1 per cent of antimony 
added there must be a simultaneous addition of I per cent of lead. 
The lead-tin antimony eutectic has a slightly higher melting point, 
namely, 3° V. higher than the lead-tm eutectic. When a small propor- 
tion of antimony is added to plumbers’ solder the plastic range is 
sensibly the same. 

At the tin end of the equilibrium diagram 7 per cent of antimony 
increases the freezing point by 11° C., but over the ordinar}’ solder 
alloy range the usual additions of antimony do not increase the freezing 
point to any appreciable extent. 

A typfcal antimony solder contains 45 jx^r (‘ent tin, 52 5 per cent 
lead, and 2| per cent antimony. It is equivalent to tlie 50 50 lead-tm 
alloy, but the tensile strength is 3*6 as compared >^ith 2*75 tons jier 
sq. in. for the latter allo\ , it is also apjireciably harder 

It should again be emphasized that vhilst the lead in the solder has 
no power to dissolve any antimony the tin will carry up to about 0 per 
cent of antimony without formation of brittle tin-antimony cubic 
crystals. 

It has been shown by Nightingale* that antimony m lead-tm 
solders causes a slower alloying action on brass and copper, but gives 
stronger joints, though in the case of mild steel the joints made were 
less strong than those obtained with antimony-free solder; when more 
than 55 per cent of lead was present the antimony had a detrimental 
effect. The strongest joints were found to be those made with a solder 
consisting of pure tin with 6 per cent antimony, but no lead. 

Most of the British Standard Soft Solders (Sjiec. No. 219, 1932) 

♦ Tin Solders, S. J. Nightingale, British Non-Ferrous Metals Research 
Association, London. 
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allow for maximum percentages of antimony up to 3-0 and in three 
instances definite minimum percentages up to 2*5 per cent are specified. 

• <1 

Solders for Elevated Temperatures 

The lead -tin solders, whilst sufficiently strong in tension and shear 
at normal iernperatures for most purposes, show a somewhat marked 
falling off* in strength with temperature rise. Thus in the case of a 
solder having equal pro])ortions of lead and tin the tensile strength 
falls to one-half its normal air tenn)erature value at 160® C., i.e. at 
33® C. belo^\ its solidification point ; for this reason no stress should 
be applied to soldered joints until they have (‘ooled right down. 

In instan(*es ^\hf‘re stressed soft soldered joints are exposed to 
temperatures a])})r('ciably above normal air values the high tin content 
solders sliould be used. Thus a solder containing 95 per cent tin and 
5 per cent antimony has a tensih' strength of 2*81 tons per sq. in. and 
melts at 244® C., whereas pure tin has a tensile strength of only 0*94 
ton per sq. in. and melts at 232' (\ 

Thf' anthrwmal4in solder mentioned is employed in electrical and 
other work when* the temperature is likely to reach or exceed the 
boiling ])oint of water ; this solder possesses a good electrical conduc- 
tivity. It is used also in refrigerator condenser s.ystems owing to its 
high strength and corrosion resistance })roj)ertie8. 

Tlie cadmium-zinc sohitr mentioned later is used for aircraft 
radiator construction on m count of its good projx^rties at temperatures 
appreciably alxAc tlu‘ boiling point of water. 

Lead-silrer alloys are also used for the same reason. A typical alloj^ 
is Fry’s LS I, which m(‘lts at 305 C. and has hardnesses at 15® C., 
1(XF C, and ISO i\ of 71. 5-35 and 3*0 This solder is suitable for use 
at tenqieraturcs oi 100 i\ to I5t» (\ as it has good tensile and shear 
strengths (‘ombined with supiTior corrosion resistaiK*e to the lead-tin 
solders. It is jiarticularly suiteil to electrical purposes as it possesses an 
appreciably higher electrical conductivity than ordinary soft solders. 

An in\estigati()n made m the U.S.A.* into the possibility of sub- 
stituting silv(‘r for tin in lead-tin solders, in instances w'here tin 
supplies were needed for armanient industry purposes, indicated that 
a large saving in tin could lie effected by using a 2*5 per cent silver-lead 
solder in place* of the 50/50 lead-tin one. It was stated that not only 
was this new' sold(‘r chea|x*r, but equally satisfactory joints could be 
obtained. Tliis solder has been used in several industrial applications, 
including that of automatic can-making machines. 


* Atdowotive Industries^ 15th August, 1941. 
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British Standard Soft Solders 

Ten diflFerent grades of soft solders are included in the Specification 
referred to on page 300. Their compositions and recommended appli(‘a- 
tions are given in Table 92. 


TABLE 92 


Compositions and Applications of B S vS Soft Solders 
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Im 
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Impurities in Soft Solders 

It is usual to sjiecify certain maximum allouablt* per(*entages of 
impurities in soft solders In this connection zinr is ])robably the 
most harmful ingredient, its ])resence being indicated by sluggishness 
of the molten metal with irreguJar waves and him [is on the surface, 
and by a dull yellow- white colour , even in amounts of 0*001 per cent 
zinc will spoil the solder. 
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Aluminium is almost as harmful as zinc and must be absent from 
solder. 

Arsenic tends to make the solder brittle and it should not be present 
in greater amount than 0*05 per cent. It dulls the surface and causes 
small white spots on the surface. 

Copper gives rise to grittiness and makes the molten solder sluggish. 
It should not exceed 0*08 per cent. 

Iron causes brittleness and grittiness and should not exceed 0*02 
per cent; when present above this amount it tends to cause dark 
streaks and smears in the alloy. 

Phosphorus tends to render the solder too liquid and should be 
absent in the composition of the latter. 

Special Forms of Solder 

For convenience of soldering, soft solder is supplied in the form of 
ingots for tinning and dipping baths, in sticks of about Jin. to fin. 
for hand soldering and in powder form for fine work. For electrical, 
instrument and other small work purposes the solder is often supplied 
in the form of small diameter tubes with the interior fiUed with flux 
such as resin ; it is known as Flux-cored Solder. 

Powdered solder is often sold mixed with flux in the form of a paste ; 
usually glycerine or grease is used as a carrier for the flux and solder. 
A typical soldering ])aste contains powdered solder, ammonium 
chloride (siil ammoniac) and glycerine; the solder should have a high 
tin content. 

Tinning powders, which render the soldering dirty surfaces, 
hardened steel, cast iron, etc , much easier, contain equal weights of 
|X)wdered ammonium chloride ami finely j)owdered tin or high tin 
content solder. A j)ro]irietary self-fluxing tinning compound of this 
class which has found a wide range of applications is that known 
as Soldo. 

Fluxes for Soft Soldering 

The following is a list of the fluxes employed for preventing oxida- 
tion and removing dirt and scum from the surfaces of the metals 
mentioned. ♦ 

to load with plvimbors' Hohlor . . Tallow 

Load to brass or puiimotal W'lth plumbers’ solder Tallow 

Load to brai^ or guiimotal witli tinsmith's solder Tallow or resin 

Tinimig brass or guumotal for soldering . . Tallow or resiii 

on p 304) 

* Notes on Soldennt/, Publii*ation No. 93. International Tin Rosearch and 
Dcvolopiniuit Council. 
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Clean zinc, eoppcir, brass, etc., for bit stildering . 
Zinc, not cleaned ...... 

Tinplate for bit soldoring 
Pewter and block tin ... 


Tinning copper bits 

Stainless steel, \ 
nickel or! 

Monel metal j 
Wrought iron 
Cast iron 

Brass, gunmetal, or coppi'r 

Bronze 
Bismuth 
Terno plate 


Zinc chloride 
Dilute hydrochloric acid 
Zinc chloride 
Olive or (falh])oli oil, 
tallow, etc. 

Aininoniuin chloride or 
zinc chloride 
'Saturated zinc chloritlo 
in oO per cent hydr<»- 
chloric acid 
Zinc chloride 
Zinc or aininoniuin 
chl(»riile 

Zinc ( hloruh*. H'sin, or 
ainnioniuin chloride 
Zini* I Idol ide or resin 
Zine cliloride or resin 
Zinc ( ldondt‘ 


In connection with the selection and use of flu\es it is irn])ortant, 
when corrosive fluxes such as zinc chloridt*, dilute hydrochloric acid 
and ammonium chloride are employed, to remove all traces of the 
flux from the surfaces of the metals joined, liy scra])iiu(, \virc- brushing 
and washing. For electrical work the resm solders are generalK jire* 
ferred since there is no corrosive effect with this flux. Tallow and 
certain non-acid oils also have a similar adwiiitagi^ 

In all soldering oyKTations the metal surfaces must be free from 
dirt and grease before heating, a preliminary cleaning by tiling, 
emery-papering or pickling in a dilute hvdnx hloric acid bnli followed 
by washing in w^ater is recommended tor steel, eojiper, tCMi hi ass. 

Cast Iron Soldering 

Cast iron is a somewhat difficult metal to sold(‘r owing to the free 
graphite content and non-inetallic inclusions The white cast .irons 
are more easy to .soft solder than the grey ones for this reason. The 
surfaces to be soldered are prepared by various alternativt» methods, 
one of the most successful of which is the ajijilicaf ion of hydrofluoric 
acid. The surface may be jilated with copjier l);y applying moistened 
copper sulphate to the clean grease-free surface' , when thus plated the 
solder will usually adhere satisfac'torily. 

Surface decarburization is another method wliiidi, although com- 
plicated and expensive, gives good results. 

Good grades of cast iron as used for automobile cylinders can be 
prepared for soft soldering by grinding or filing, and th(‘n pii-kling with 
a 15 to 25 per cent solution of hydro(*hlori(* acid, followed by washing 
in clean water. Zinc chloride is used as a flux. 

For coating cast iron articles with solder, after pickling in the acid 
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solution mentioned, they are heated in a neutral atmosphere and 
dipped in a bath of molten solder (50/60 grade), upon the surface of 
which is a layer of ammonium chloride. 

Aluminium Bronze Soldering 

This alloy is almost as difficult to solder as stainless steel owing 
to the film of oxide which forms. It can, however, be soldered satis- 
factorily with the same fluxes as those employed for stainless steel, 
namely, that given previously or a mixture of boracic acid and 
potassium fluoride. 

Silver Solders 

These solders contain copper, silver and zinc and have melting 
pcunts ranging from about 600° C. to 840° C. They give much stronger 
joints than the soft solders, but on account of their higher melting 
points require much higher soldering temperatures, they cannot 
therefore be employed for heat-treate<l steels and other allo3"s which 
require heat-treatment temperatm^s approa(‘hing those of the solders. 

The comf)ositions and melting points of some typical silver solders 
are given in Table 93. 

TABLE 93 

Composition of Silver Solders 


Pfrcfiitago ( 'ompoaition 


(N>p|Hir 


Silver 


Zinc 


Melting Point 
C\ 


Til {) 

y 0 , 

, 40 0 j 

834 

»40 

50 0 1 

1 160 

774 

3()(1 

450 

25-0 

1 746 

25 (1 

000 

13-0 

1 732 

23 0 

70 0 

3-0 

1 776 

20*0 

030 

15 0 

1 718 

20 0 

700 

100 

1 758 

20-0 

730 

50 

I 776 

lO-O 

80 0 

4 0 

792 


Silver solders with more than 50 per (‘ent silver are essentially 
8ilver-cop{)er alloys to wliich zinc is added to obtain a lower melting 
point ; those with less than 60 per cent of silver are brasses to which 
the silver lias l>een added to improve the corrosion resistance and 
mechanical strength properties. 

♦ “Solders and Soldered Joints,” The Auiomoh\J€ Ktigineer, July, 1941. 
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Tin, in silver solder, tends to lower the flow point but increases* 
the brittleness. 

Nickel tends to suppress coarse grain growth in the annealed 
solders. About 15 per cent of nickel is sufficient for this purpose. The 
tensile strength and hardness of the solder are increased appreciably 
but the flow point is practically unchanged. 

Lead and iron are detrimental in silver solders and should therefore 
be avoided. 

A good silver solder should have at least 50 per cent reduction of 
area before fracture in tension. 

The tensile strength of the 75 Ag/22 Cu/3 Zn chill-cast solder is 
about 18*5 tons per sq. in., and for the 60 Ag/25 Cu/15 Zn one about 
28*5 tons per sq. in. Solders with lower silver content have higher 
tensile strengths than these values. 

British Standard Silver Solders 

There are three grades of silver solder specified by the British 
Standards Institution, two being of the silver-copper-ziiic class and 
the other a quaternary alloy with the in(‘lu8ion of (*admiuin. The 
Grade A silver solder has the following percentage composition ; — 

Cu, 27*5-29-5 ; Ag, 60-62; Zn, 9-11 ; total impurities 0-5 (max.). 

The Grade B solder composition is as follows: Cu, 36-38; Ag, 
42-44; Zn, 18-5-20-5; total impurities, 0*5 (max.). 

The melting rangers, from solidus to liquidus, of the (irade A and B 
silver solders are 690° C.-735° C. and 700° 0.-775° respectively. 

Higher Melting Point Solders 

Higher melting point solders include the nickel-copper and copper- 
silver alloys. The melting points of the former alloys range from 
1083° C. for pure copper to 1452° C. for pure nickel, there being no 
eutectic of lower melting point in the series. 

The copper-silver alloys have melting points from the lowest value 
of about 780° C. for the 28/72 copper-nickel alloy to the highest value 
of 1083° C. for pure copper. The melting points of this series of alloys 
are shown in Table 94. 

The American Society of Testing Materials (A.S.T.M.) specifies 
eight different grades of silver solder, including one with 5 per eent of 
cadmium, having melting points ranging from 1510° F. (820° C.) down 
to 1250° F. (694° C.). The compositions and melting points of these 
solders are given in Table 95. 

Nos. 1 to 3 are suitable for soldering where a freer flowing solder 
than the ordinary eopp(T-zinc brazing alloys is required. Nos. 4 and 
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TABLE 94 

Melting Points of Copper-silver Alloys 


Copper 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

Silver 

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

Melting 












point ('’ 

1083 

1025 

990 

940 

910 

870 

820 

780 

820 

890 

962 


TABLE 95 


Composition anii Properties of Silver Solders (A.S.T.M.) 


(Jlrade 

1 

2 

3 

1 

4 

5 

6 

7 

8 

Ag, % 

10 

20 

20 

45 

50 

(>5 

70 

80 

Cu. % 

52 

45 

45 

30 

34 

20 

20 

16 

Zn. % 

38 

35 

30 

25 

16 

15 

10 

4 

Od, % 
Impurities, 

t 

1 

t 

5 

Nil 

Nil 

Nil 

Nil 

Nil 

0/ * 

/o 

Melts at, 

0 15 

0 15 

0 15 

0 15 

0 15 

0 15 

0 15 

0-15 

Flows at, 

1510 

1430 

1430 

1250 

1280 

1280 

1335 

1360 

-K 

1600 

1500 

1500 

1370 

1425 

1325 

1390 

White 

1460 

Coloiu 

Yellow 

Yellow 

Yellow 

Nearly 

white 

Nearly 

white 

White 

White 


5 will flow more freely at lower temperatures than Nos. 1 to 3. They 
produce strong joints Nos. 6 to 8 are employed where a high degree 
of ductility is required. 

The compositions and apphcations of certain commercial silver 
solders that have been used in this country in the past are shown in 
Table 96 (Seep 308) 

The fluxes used for ordinary silver solders are of the borax class, 
e.g. borax or boracic acid, and are applied either as a jiasto made 
with water or in a powdered form. 

Properties and Applications 

In connection with the properties of silver-soldered joints, with 
suitable solders tensile strengths across the joints of 30 to 40 tons per 

* Maximum. 

t The addition of not over 0*60 per cent ( adinium to assist fabrication is 
not consideied a harmful impurity. 
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sq. in. can be obtained ; with special solders values up to 60 tons have 
been recorded. The width of the gap or silver solder layer giving the 
most satisfactory results is from 0*0015 to 0*002 in. 

An advantage associated with the use of silver-soldered joints in 
electrical work is the high electrical conductivity that can be obtained 
by the proper selection of the soldering alloy ; thus it is possible to 
employ a silver solder having from 70 to 80 per cent of the conductivity 
of copper; the higher the proportion of silver the higher is the con- 
ductivity in these solders. 

TABLE 96 

Silver Solder Compositions and Applications 


(^oiupoHit ion per cent 

Applications 

Sliver 

^ Chopper 

* Zinc 

5 10 

95-90 


For thm iron and mild stool sheets. 

4o 

55 

— 

A tough alloy for instrument makers, very 
fluid. 

30 

50 

20 

For small brass work. 

38 5 

46 

15 5 

For bronze and nickel silver 

9 

43 

48 

For general woik on copper alloys. 

80 

20 


Hardest solder. 

in 

25 


For general use 

50 

50 

— 

Softest silver solder; will not burn. 

16 

80 

5 

Brass, copper and brass-to cc^jipcr jomts. 


Silver solders are employed for soldering iron, steel, copper, silver, 
gold, and their alloys , for soldering turbine blades into position ; for 
high pressure and temperature small pipe connections; for petrol 
pipe nipple joints and similar purposes. For automobile and aircraft 
pipe joints and connections, silver solder is to be recommended owing 
to its fatigue resistance and reliability; soft soldered petrol and oil- 
pipe joints invariably fracture with repeated vibration. Brass pipes 
are sometimes made by bending a sheet of brass into cii(‘ular form 
through rollers or dies, and fixing the solder in the form of wire of 
suitable composition with borax in the overlap. On passing the work 
through a furnace in which it attains a red heat, the solder runs and 
makes the joint , the flux is then removed by dissolving, and the tube 
drawn through dies in the usual way. Joints in beaten metal work, 
such as the trumpets and horns of musical instruments, are made with 
hard solder of suitable composition and colour. 
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Cadmimn Solders 

A considerable amount of research work carried out during the 
1914-18 war period with cadmium as a substitute in part or entirely 
for the scarcer metal tin resulted in some useful soldering alloys of 
which those given in Table 97 are typical. 

TABLE 97 

Compositions of Cadmium Solders* 


I 


Designation 

J-.ead 
per cent 

, Cadmium 
per cent 

Tin 

per cent 

Zme 
per cent 

A 

i)() 

10 



B 

80 

10 

10 

— 

C 

90 8 

7 8 

1 

1 4 


The melting points were between 400° C and 450° C., being appreci- 
ably higher than for the lead-tin solders, and generally necessitating 
the use of a blowpipe in place of the usual soldering iron. The solders 
were found to be satisfactory for joints in sheet metals of copper, 
brass, lead, steel, galvanized iron and zinc; with the latter metal 
very sound joints were made. The most satisfactory flux was found 
to be zinc chloride but resin also gave similar results although the 
solder did not flow as readily. The B type solder was not as strong as 
the A and C ones, and eventually the latter type was adopted for 
general soldering work. This solder does not oxidize easily and at 
100° C. it is from 50 to 100 per cent stronger than the 50/50 lead-tin 
solder and from 30 to 50 per cent stronger than pure tin. It has been 
used for thinning cable ends, bus-bars and other electrical parts; it 
was found to be superior to lead-tin solders, but is not satisfactory 
however for wiped joints as it does not flow freely as a plastic mass. 

Cadmium is often employed in silver solders in applications where 
particularly low melting points and soldering temperatures are required 
and in this connection it may replace part or all of the copper. In 
small amounts it does not lower the melting points of the ternary 
silver solders, except in the case of those alloys low in silver content. 
When cadmium replaces copper in order to lower the melting point it 
also reduces the strength and ductility of the solder. When added in 
order to improve the strength and ductility of silver solders it must 
be added at the expense of the zinc. 

A typical cadmium-silver solder for lower temperature soldering 
than the ordinary ones is that conforming to the British Standard 
* “Cadmium Solders,” Metal Induetry^ 26th October, 1923. 
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Specification No. 206 — 1941, and having the following percentage 
composition limits : Ag, 49-51; Cu, 14-16; Zn, 15-17; Cd, 18-20. 

This alloy has a melting range of 630° C. (liquidus) to 695° C. 
(solidus). 

Another cadmium-silver solder with a melting point of 743° C. 
contains 65 Ag, 20 Cu; 5 Zn and 10 ("d (percentages). 

A cadmium zinc solder which is employed in place of lead-tin 
solders in aircraft radiator construction, in connection with the use of 
ethylene-glycol cooling systems (operating at temperatures well above 
the boiling point of water), is given in D.T 1) Specification No. 51 A, 
It is employed for tube blocks and casings. 


Bismuth Solders 

A series of low melting point solders is obtained with lead-tin- 
bismuth alloys which are suitable for applications which prohibit the 
use of temperatures em])loyed with the ordinary lead-tin solders, e.g. 
plumbers’ and tinman’s solders 

Table 98 gives the (‘ompositions and melting points of some 
typical bismuth solders. 


TABLE 98 

Properties of Bismuth Solders 


Designation 


A 

n 

c 

I) 

K 

F 

D 

H 

I 


Load 1 

1 Tin 

Hisniutli 

Molting Point 

poT cent 

per cent | 

per (ont ' 

1 

31 2 

18 8 

50 0 

94 

40 0 

20 0 

40 ') 1 

113 

33 3 

33 3 

3.J 3 

123 

43 0 

28 5 

28 5 

132 

47 0 

29 5 

23 5 

151 

33 2 

50 2 

16 0 

158 

40 0 

40 2 

13 2 

105 

5C-0 

37-5 

12 5 

178 

40 0 

50 0 

10 0 

J 

102 


These alloys are used with resin or zinc chloride as a flux. The 
melting point of bismuth is 269° C. 


Brazing Alloys 

These alloys are used as hard solders for uniting parts in iron, steel, 
bronze, brass, etc., in order to give stronger joints capable of with- 
standing much higher temperatures than the soft and ordinary silver 
solders. The most commonly employed brazing alloy is that known 
as Spelter and consists of copper and zinc ; actually it belongs to the 
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simple brass group of alloys and is used in thin strip or granulated form. 

The melting points of the copper-zinc alloys range from 1083® C. 
at the pure copper end down to 870® C. for the 50/60 copper-zinc alloy. 

The limiting proportion of zinc is about 45 per cent, since alloys 
with smaller proportions are brittle and weak in general. 

A commonly used spelter is the 50/50 copper-zinc alloy having a 
melting point of about 870® C.; it -is employed for brazing brasses 
having melting points above 1000® C For copper alloys having higher 
melting points the proportion of zinc is usually decreased below about 
45 per cent to give greater strength and temperature resistance, but 
the melting point of the brazing alloy should always be about 100® C. 
to 150° C. below that of the alloy to be brazed. 

In selecting a copper-zinc alloy for brazing purposes, apart from 
melting point considerations it should have a colour similar to that of 
the brass or bronze to be united. In this connection as the copper 
content is increased the colour changes from the golden shade of the 
60/50 alloy to pale yellow for the 70/30 copper-zinc alloy, then to a 
golden colour again for the 75 to 95 per cent copper-content alloy. 
Above 95 per cent the colour changes to the warm reddish colour of 
copper. 

In instances where the yellow colour of ordmary spelters is objec- 
tionable it is usual to employ a brazing alloy of a whiter nature. Such 
alloys consist of copper and zinc with additions of tin or nickel , the 
effect of the tin is to render the metal more fusible. 

For brazing iron and steel an alloy containing 35 to 40 per cent of 
zinc is used ; the same alloy may be employed for copper brazing 
•purposes. 


TABLE 99 

Compositions of Brazing Alloys 


Composition pei cent 


Nickel 

Zinc * 

Tin 

Nickel 

66 

34 





60 

40 

— 


50 

50 

— 


37 5 

50 

— 

12 5 1 

35 

57 

— 

8 0 f 

57*5 

1 

25 

17 5 

_ 

43 4 

6*6 j 

50 

— 


Applicatioiib 


Hardest, suitable for iron and steel. 
Hard, suitable for iron and copper. 
Ordinary spelter, foi brass and copper. 

White solders, for nickel silver and iron* 

White solder for brass, more fusible 
than spelter. 

White solder ; more fusible than spelter. 
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More recent brazing alloys are those known as silico-bronze and 
phosphor copper. The “bronze-welding’’ or low temperature welding 
process using bronze welding rods with the oxy-acetylene flame is 
really a brazing process. Typical instances are the Sifbronze and 
processes ; the latter employs an alloy of copper, silver and 
phosphorus melting at about 700° C. The percentage composition of 
this alloy is as follows : Copper, ^0; silver, 15; phosphorus, 5. 

Two well-known grades of brazing solders are given in the British 
Standard Specification No. 263. Grade A has a nominal composition 
of 54/46 coppef-zinc and Grade B is 50/50. Maximum limits are specified 
for other included elements such as tin, antimony, arsenic, iron, 
bismuth and lead. 

Parts in iron, steel, brass, copper, bronze, etc., joined by the brazing 
process are fluxed with powdered borax or borax and water paste. 
Cdst iron brazing is frequently done with cuprous oxide as a flux. 

Another spelter that is more fusible than the ordinary copper-zinc 
ones has the following percentage composition: Cu, 44; Zn, 50, 
Sn, 4; Pb. 2. In general, however, alloys containing much lead should 
not be used since the lead does not transfuse with the copper and zinc 
alloy and tends to n'diice the tensile and shear strength of the joint 

Brazing Applications 

Brazing is used for a large number of ])urpobcs m commercial 
work and also for repairs in cycle and automobile work. .Bic’yele 
and similar tubular frames are often made up ol seT),i»a(e components 
brazed together, the parts being pinned with special ]iegs in order to 
hold them together and in the coiTcct ])ositions. Brazing operations are 
usually conducted in a gas forge or brazing hearth provided with 
suitable temperature regulation means and it is an advantage if a 
reducing atmosphere can be employed. 

The borax flux employed leaves a very hard slag, or scale, upon 
brazed joints, which can only be removed by filing, pickhng, or sand- 
blasting. 

There are, at present, several methods of brazing in which the 
parts are dipped into a bath of molten spelter, the metal being pre- 
vented from adhering to the surfaces other than those to be brazed 
by coating them with blacking or similar compositions , these methods 
are economical and lend themselves to quantity production work. 
The joints made in this manner are more uniform, and there is no 
possibility of internal stresses owing to the general nature of the 
heating, as distinct from the ordinary local heating of the blow-pipe 
or forge. 
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Another successful method is an electrical one; it consists in 
connecting the two parts to be joined with the terminals of a dynamo. 
When the current is switched on, the parts, on account of their high 
resistance, become heated to a brazing temperature, and the brazing 
wire, or spelter, which has been previously placed over the joint is 
melted, and fills the vacant spaces in the joint. With this system a 
reducing atmosphere of hydrogen, nitrogen, or coal gas may be 
employed, and fluxes dispensed with. 

Pieces of high-speed tool steels are often hard-brazed into iron or 
mild steel shanks suitably milled out to receive them, using strips of 
copper between the joints to be brazed and a special flux. The whole 
tool is then raised to the welding temperature of the copper, and the 
joint is made. The tool steel can then be hardened and tempered in 
the ordinary manner, since the temperatures employed are much below 
the melting point of copper. This method is also applicable to certain 
other steel and iron joints. 

Brazing Cast Iron 

In the ordinary way it is very difficult to braze cast iron on account 
of the carbon present and of the oxides formed during the process; 
special fluxes are now available for cast-iron work, and with special 
care fairly good joints can be made. 

A process invented by Pich for performing this operation in an 
ordinary smith’s hearth consists in decarburizing the surfaces of the 
cast-iron parts to be united during the brazing and bringing the 
molten brass solder into close contact with the cast-iron surfaces at 
the same time. A copper oxide mixed with borax and in the form of a 
paste is used for decarburizing the surfaces ; ihis paste is api)lied to the 
surfaces of the cast iron after they have been thoroughly cleaned. The 
parts to be brazed are held in position with iron wire and heated, 
when the borax is first melted and protects the siu-faces from oxida- 
tion; it also prevents the copper oxide from being attacked by the 
oxygen of the air. As the heating proceeds the oxide of copper fuses 
and liberates its oxygen, whjch combines with the carbon of the cast 
iron, with the formation of carbon monoxide and dioxide, and the 
liberation of copper, which in its turn combines with the brazing 
brass; the new brazing compound, ^ which now possesses a higher 
melting point, combines with the decarburized iron. Very strong 
joints giving almost the same tensile strength as that of the cast iron 
itself are obtainable with this method. 

The “bronze-welding” method is now widely used for cast-iron 
joints. 
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Low Melting Point Alloys 

Alloys having low melting points, namely, from about 250° C. 
down to about 45° C., i.e. well below the boiling point of water, have 
several important applications in engineering and industry. 

Some of these arc used for the purpose of filling steel, brass, copper 
and aluminium tubing so that it can be bent cold without flattening 
or wTinkling Other alloys are employed for filling fusible plugs which 
are inserted in the furnace crowns of steam boilers. Should the water 
level fall so as to expose the metal of the crown the fusible aUoy melts 
into the furnace and thus allows the steam to escape into the latter 
and to extinguish the coal fire. 

Other alloys which have a low melting point — ^usually from 110° C. 
to 160° C. — expand slightly on solidification and give sharp mould 
impressions. They are used for making metal patterns as substitutes 
for the usual wooden ones employed for moulding purposes in the 
foundry, for plaster mould impressions, ornamental castings, proof 
castings of forging dies and moulds, fusible cores for casting moulds, 
models, dies and formers for sheet metal pressings, etc 

Certain low melting point alloys are used for holding and setting 

TABLE 100 

Low Melting Point Alloys 


1 

Ueacriptidn 

T.ead 

am 

o 

j 

Bis- 

muth 

O 

O 

C wl 
nil urn 
< 

1 

Mdtmg 

i^)lnt 

( 

Remaiks 

Wood’s metal 

' 2» 

12.5 

50 0 

12 5 

1 

70 

For rr\stal and gem set- 
ting 

Lipow itz's alloy 

201 

U3 

50 0 

i 10 0 

60 

Silver-white Malleable 

For easting delicate 
objects 

Expanding alloy 

00 7 

— - 

83 

25 0 

65 

Expands on solidification. 

D’Arcet’s metal 

25 0 

25 0 

.50 0 

Mtr- 

cur\ 

94 


D’Arcot's morruridl metal 

11 0 

11 0 

22 0 

56 0 

45 

For ac( urate casts of 
anatomical specimens 
Previously used for boiler 
plate safety fuses 

Newton’s metal 

31 25 

18 75 

50 0 

— 

94 

Rose’s metal 

28 0 

22 0 

,50 0 


100 

Previously used for boiler 
plate safety fuses. 

Onion’s metal 

30 0 

20 0 

50 0 

_ 

02 

Fusible alloy 

Eusible alloy 

28 6 

14 3 

50 0 

7 1 

70 

For boiler fuse plugs, etc 

Fusible alloy 

27 b 

10 3 

27 6 1 

34 5 

75 1 

For boiler fuse plugs, etc 

Fusible alloy 

35 2 

20 0 

35 3 

9 5 

80 1 

For boiler fuse plugs, etc. 
Low melting point solder. 
Medium melting point 
solder. 

Bismuth solder . 

46 0 

27 0 

27 0 

— 

94 

Bismuth solder 

40 0 

40 0 

20 0 

— 

144 

Bismuth solder . 

44 5 

44 5 

110 

Anti- 

mony 

160 

High melting point solder 

Expanding alloy 

75 0 

— 

83 

16 7 

145 

For accurate casts. 

Expanding alloy 

37 0 

63 0 

— 

— 

182 


Expanding alloy 

77 0 



23 0 

249 
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punches and dies in their base-plates for press work operations and 
for rapid and accurate location of blanking, piercing and trimming 
punches in relation to dies without the need of machining non-working 
surfaces to close dimensions. 

Alloys such as Wood’s Metal, having a melting point of about 
70° C., are used for holding gems for cutting operations, wireless set 
crystals, etc. Most of the low melting point alloys contain lead, anti- 
mony, bismuth, tin or cadmium The compositions and melting 
points of some typical low melting point alloys for various purposes 
are given in Table 100. 

Alloys for Tempering and Heat-treatment Baths 

The alloys of tin, lead and bismuth in different proportions have 
melting points ranging from 94° C. to 162" C. It is thus possible to obtain 
an alloy with any desired melting point for a special purpose, such as 
for heat -treatment at the lower temperatures of certain non-ferrous 
alloys and steels 

TABLE 101 

Tin-le\d-bi&muth Alloys 


Percentage ('’omposition 

Molting 

I\)int 

C, 

Percontagt ( Composition 

Melting 

Point 

Tm 

1 

Lf*ad 

Bismuth 

Tin 

Lead ^ 

1 

Bismuth 

18 8 

31 2 

50 0 

94 

50 2 

33 2 

10 6 

158 

17 7 

35 3 

47 0 

1 98 

48 0 

36 0 

16 0 

1 155 

15 8 

42 1 

42 1 

108 

45 9 

38 8 

15 3 

j 154 

20 0 

40 0 

40 0 

113 

45 0 

40 2 

14 8 

j 153 

27 0 

36 5 

36 5 

117 

43 0 

43 0 

14 0 

1 154 

33 3 

33 3 

33 3 

123 

41 5 

44 8 

13 7 

160 

30 8 

38 4 

30 8 

130 

40 2 

46 6 

13 3 

165 

28 5 

43 0 

28 5 

132 

38 2 

49 0 

12 8 

172 

25 0 

50 0 

25 0 

149 

37 5 

50 0 

12 5 

178 

29 5 

47 0 

23 5 

151 

41 5 

46 8 

11 7 

167 

33 4 

44 4 

22 2 

143 

43 0 

45 6 

11 4 

165 

37 0 

42 0 

21 0 

143 

44 4 

44 4 

11 2 

160 

40 0 

40 0 

20 0 

145 

46 0 

43 2 

10 8 

159 

43 0 

38 0 

19 0 

148 

47 5 

I 42 0 

10 5 

160 

45 7 

36 2 

IS 1 

151 

48 8 

; 41 0 

10 2 

161 

48 1 

34 6 

17 3 

155 

50 0 

40 0 

10-0 

162 


The alloys of lead and antimony give melting points ranging from 
that of pure antimony (630° C.), pure lead (327° C ), down to the 
temperature of the eutectic consisting of 87*5 per cent lead and 12*5 
per cent antimony having a melting point of 247° C. 

IX— (r.^303) II 
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The eutectic of bismuth and tin consists of 56*7 per cent bismuth 
and 43-3- per cent of tin ; it has the lowest melting point of the alloys 
of these metals, namely, 137° C. 

The eutectic of zinc and lead consists of 97*7 per cent lead and 2*3 
per cent of zinc and has the lowest melting point, namely, 318° C. 

The eutectic of tin and cadmium consists of 48 per cent tin and 
62 per cent of cadmium and has the lowest melting point, namely, 
177° C. 

The eutectic of lead and cadmium consists of 82*6 per cent lead and 
17*4 per cent of cadmium and has the lowest melting point, namely, 
247*3° C. It is possible to obtain alloys of these metals having any 
desired melting points between those of the metals themselves and of 
their eutectics. 


SOBIE OTHER USEFUL ALLOYS 
Bismuth-Cadmium Alloys 

The effect of adding cadmium to bismuth is to lower the melting 
point of the alloy; further, it tends to reduce the brittleness of the 
metal. The bismuth -cadmium alloys with lead and tin have low 
molting points, namely, below the boiling point of water. Examples 
of these alloys with melting points as low as 60° C. are given in 
Table 100. 

Olass-to-Metal Cementing Alloy 

A bismuth alloy used for cementing glass to metal and which is 
also employed for fastening the metal parts on glass lamps consists 
of 50 per cent lead, 33*5 per cent tin and 16-5 per cent bismuth. 

Alloy for Porous Castings 

An alloy for filling blow-holes and defective places in castings before 
enamelling or painting these consists of 8*3 per cent bismuth, 25*0 
per cent antimony and 66*7 per cent lead. 

Maximum Expansion Alloy 

An alloy which is claimed to have a greater expansion effect on 
solidification than any other metal or alloy consists of equal parts, 
by weight, of antimony and bismuth. 

Silvering Liquid Alloy 

A liquid alloy used for silvering mirrors and the interiors of vacuum 
flasks contains 80 per cent merciu-y and 20 per cent bismuth. Another 
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alloy used for the sarae purposes has equal parts of mercury, lead, 
tin and bismuth. 

Some Commercial Low Melting Point Alloys 

Cerrobend,* This is a commercial low melting point alloy having a 
melting point of 71° C. It is used as a filler lo fill tubes and moulding 
for bending operations and is particularly suitable for bending thin 
copper and aluminium tubing It can be removed from the bent 
tubing by heating in steam or boiling water. 

Cerrobase is a lead-bismuth alloy with a melting point of 124° C. 
which does not expand or contract on solidifying. It is used for 
duplicating wood patterns for foundry pur- 
poses, and for taking accurate impressions of 
moulds, forgings, dies, etc It is also em- 
ployed as a nitriding seal for heat-treatment 
baths, as a fusible metal for safety purposes 
and for lightning arrestors. 

Cerromatrix is an alloy of bismuth, lead, 144 mui non of Hold 
till and antimony with a melting point of inc. Punch tv Churomatrix 
1 10° C. , which expands on cooling. It is used 

for the mounting of dies and punches on base-plates in connection with 
})unching, blanking and pressing operations. The use of this alloy 
effects both time and cost saving in building up dies and punches 
and affords accurate and secure location of the punches in relation to 
the dies. The built up components can be used for long series of runs 
on metals up to \ in. thick. The holes in the base-plate members 
are usually of dove-tail section and the portions of the punches to be 
secured by the alloy in these holes are drilled, grooved or serrated so 
as to atford a strong hold hen the molten alloy is poured around them 
in the hole in the base-plate , a typical method of holding the punch 
to the base-plate is shown in Fig. 144. 

An example of a three-stage progressive blanking and piercung die 
for making the sheet fibre shape shown in the upper part of the illus- 
tration is given in Fig. 145. The punches on the left are located and 
held by Cerromatrix alloy. 

Type Metals 

These are alloys of tin, lead and antimony which are used for 
type-casting purposes and for making stereotype, i.e. the fixed plates 
upon the surfaces of which are cast reproductions of the faces of all 
the type used for complete pages or sets of pages. 

* and Chemical Products Ltd., London, W.C.2. 


Countersunk holes 
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Type metals give sharp and very smooth impressions of the mould 
and are sufficiently hard — owing to the antimony content — ^to with- 
stand long periods of printing usage. 

Ordinary type metals contain from 5 to 10 per cent of tin, 15 to 30 
per cent of antimony and 60 to 80 per cent of lead. The exact compo- 
sition depends upon the character of the work required. For normal 
purposes from 5 to 10 per cent of tin, 15 to 19 per cent of antimony 



Fig, 145. Three-stage Progressive Blanking and Pieihung 
Die, Using Oerromatuix to Loc ate and Hold the 
Pl'NCHKS 

and the balance of lead gives a good hard-wearing and sharp impression 
taking type metal. These alloys commence to deposit solid constituents 
at about 250° C. and are usually poured into the moulds at about 
265° C. 

The addition of a small amount of copper is sometimes made in 
order to increase the hardness, but the metal is tlien more difficult to 
melt and cast as the tin-copper compound commences to deposit 
from the solution at about 270° C. and an anti monial- copper constituent 
at a somewhat higher temperature. The compositions of some typical 
type metals* are given in Table 102. 

Copper-zinc Expanding Alloys 

It has been observed by Turner and Murray! that slowly cooled 
alloys containing 85 per cent of zinc and 1 5 per cent of copper exhibit 

♦ “Antimony Ores,” Imperial Institute Monograph (John Murray, Ltd., 
London). 

t Journ, Inst, of Metals, 1909, 2, 98. 
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TABLE 102 


Standard Type Metals 



Antimony 

Tin 

1 Lead 

1 

Standard electrotype . 

per cent 

4 

per cent 

3 

per cent 

93 

Standard linotype 

12 

5 

83 

Standard monotype 

18 

8 

74 

Standard stereotype 

13 

4-50 

82*50 

Ordinary linotype 

13 

5 

82 

Cheap linotype 

11 

3*50 

85 


marked expansions on cooling, the amount of this expansion depending 
upon the percentage of copper and rate of cooling. During solidification 
the force of expansion is considerable. Later investigations* indicate 
that for a copper content of 14*16 jier cent the maximum expansion 
occurs, its value being 0*1064. The hardness and elastic limit of the 
expanded alloys are lov and the alloys contain cracks and voids. In 
quickly cooled (chill-cast) bars the density varies along the length and 
also across the di<i meter of the bar. The (‘opper content is higher and 
the density lower in the centre of the bar. 

The expansion effect fades away at about 5 j^r cent and 30 per 
cent copper content resi)ectively. 

'Britannia Metal 

These alloys of tin, antimony and copper, with or without the 
additions of small proportions of other metals, are employed chiefly 
for making inexpensive domestic tableware, e g. teapots, spoons, jugs, 
and also ornamental objects and toys. 

The principal constituents are tin and antimony, with smaller 
amounts of copper, zinc, lead, bismuth and other metals. 

The Britannia metals have a silvery-white colour with a slight 
tinge of blue. Some typical compositions are given in Table 103. t 

O.E.C* Heavy AUoy 

An interesting alloy made from tungsten, copper and nickel by the 
sintering process is diaracterized by its very high specific gravity and 
good tensile strength. The alloy in question contains 90 per cent of 

• Journ. Intit of Metal March, 1924. 

f “Antimony Ores,” Imperial Institute Monograph (John Murray Lti^l., 
London). 
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TABLE 103 

Britannia Metals and Allied Alloys 


1 

1 

Anti- ' 
mony 

Tin ’ 

1 

Lead 

Copper 1 

Zinc* 

Bis- 

muth 


per 

pel 

per 

per 

per 

* per 


cent 

cent 

cent 

(»ent 
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Ashberry metal* 

15 0 

79 

— 

3 0 

2 0 

l-Ot 

Britannia metal (English) 

5-0 

94 

_ 

10 


— 

Britannia metal, sheet 

7-80 

90 6 

- 

1*6 


_ 

Britannia metal, oast 

9 2 

90 6 


0 2 



English plate -pewter 

10 

80 

1 0 

9 0 

- 


German plate -pew tci 

24 

72 


4 0 



Minofor metal* 

18 2 

68 5 

- 

3*3 

10 0 


Pewter 

70 

89 4 

1 8 

1 8 



Prmce’s metal (for oo\ ers) 

15 25 

84 75 




1 

Queen’s metal 

i 7 1 

88 5 ' 


3 50 

0 9 


Queen’s metal (teapots) 

8 88 

73*36 

S 88 

- 

- 

8 88 

Wagner’s metal (fine) 

9 66 

85 64 

— 

0 81 

3 06 

0 83 


tungsten, 4 per rent copper and 6 per cent nickel. It has a specific 
gravity of 16*3 io 17, being therefore about twice as heavy as steel. 

The tensile strength and yield point are 40 and 37 tons per sq.in., 
respectively, the elongation on 1 ip. being 4 per cent The elastic 
modulus is 36 X 10® lb per sq. in and Briiiell hardness 250 to 290. 
The coefficient of linear expansion is 5-6 X 10“® j>er degree C 
The thermal conductivity is 0*25 C.G.S. units 
The specific resistance is 1 1 *6 microhms per cm cube. 

It is made by adding a mixture of copper and nicked pouders to 
tungsten powder, compressing these by means of steel dies to the 
required 8hai)e and heating to about 1450'" C. in liydrogen. The struc- 
ture then consists of large spherical grains of tungsten embedded in a 
tough matrix of copper-iiickel-tungsten solid solution. The alloy is 
almost completely resistant to corrosion by the atmosphere and salt 
water. It can be brazed or silver soldered to other metals and plated 
with nickel, cadmium or chromium. Components of the alloy can be 
welded together by a special method in a hydrogen atmosphere. 

Developed primarily for radium therapy purposes it has an im- 
portant engineering application /or engine and machinery balance 
weights where its small volume for a given weight has proved an 
advantage. Another application is for arcing (‘ontacts of large oil 

♦ Employed for makmg forks, spoons, ooifee-pots, teapots, etc Harder than 
h^itannia metal, but less beautiful, 
t Nickel. 
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circuit breakers. In a test made on two heavy alloy contacts measur- 
ing IJ in. by | in., connected in series, it was shovrn that a current 
of 130,000 amps, at 6*3 kV per phase could be successfuUy ruptured. 

Konel Alloy 

Konel is the name given to a cobalt-nickel alloy, produced by the 
American G.E.C., which possesses high strength properties at elevated 
temperatures. The alloy, in addition to its major cobalt and nickel 
content, contains also iron and. titanium. It is made in the electric 
furnace and has a specific gravity of 8*59. 

The tensile strengths at 24"", 400°, 500° and 600° C. are 46-2, 46-3, 
36*8 and 29-5 tons per sq. in. respeetively. The corresponding elonga- 
tions are 37*0, 34*0, 33-0 and 18*5 per cent respeetively. 

The coefficient of linear expansion from 0° to 100° C. is 10*75 X lO^® 
and from 0° to 700° C., 14*30 X 10-« 

The specific resistance values at 0°, 400°, 800° and 1000° C. are 
35, 69, 100 and 108 microhms per cm. cube. 

The results given are for specimens annealed at 900° C. for two 
hours. The alloy (‘an be fabricated by the usual methods employed 
for heat-resistant nickel alloys. It work-hardens rapidly and so 
requires frequent annealing at 900° to 1000° C., at which temperatures 
it shows no noticeable tenden(‘y to scale and is still quite resistant to 
the hammer. 

Konel is used for the valves and valve stems of petrol and Diesel 
engines, for steam turbine blades and other applications requiring 
operation at a red heat. It was originally developed as a substitute for 
platinum in radio valves; the Konel filaments of these operate at 
175°C. lower temperature than those of platinum. The filaments are 
I)roduced from 20 lb. ingots forged, cold-rolled and drawn through 
diamond dies to one-thousandth inch diameter. They are then rolled 
into ribbon 0 002 in. vide and 0 00055 in. thick. Konel has excellent 
corrosion resistance propc^rties to most acids and its cost in comparison 
with platinum and iridium — vhieh it has been used in place of — is 
extremely lov . 

Batterium AUoy’^ 

This alloy is a high-strength corrosion-resisting one possessing 
good electrical conductivity and ductility. Its percentage composition 
is as follows : Tu, 89 ; Al, 9 ; Ni and other metals, 2. It contains no 
tin, lead, zinc or antimony. 

The colour is silvery gold. 

* Batterium Ltd. 
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The specific gravity is 7*67; melting point, ; tensile 

strength, 34-45 tons per sq. in., with 35 to 48 per cent elongation ; 
Brinell hardness, 158-168; thermal coefficient of expansion, 0*0000162 
per deg. C. 

The resistivity is 13*21 microhms per cm. cube at 20 ° C. The rela- 
tive conductivity is about 15 per cent of that of copper. 

The alloy retains a high percentage of its tensile strength at elevated 
temperatures. Thus at 400° C. the tensile strength is about 24 tons 
per sq. in. with 28 per cent elongation (on 1 J in.) ; the Brinell hardness 
is 158 to 167 at this temperature. 

Batterium resists corrosion and erosion of alkalis and acids and for 
this reason is used in the construction of chemical plant. It is readily 
welded and can be machined with ordinary tools. It is available in 
sheets, seamless tubes, extruded rod, castings, forgings ahd stampings. 
Typical uses are for plug cocks and wheel valves for chemical plant. 

/Electrical Contact Metals 

t 

The metals used for electrical contacts include platinum and its 
alloys, palladium, rhodium, iridium, gold, ruthenium, tungsten, nickel, 
copper and silver alloys. The particular metal or alloy used depends 
upon the service conditions and involves considerations of the current 
across the contacts, pressure between the contacts, mechanical and 
electrical wear, tarnishing resistance, impact effects, design of the 
contacts, etc. 

In general the platinum group of metals is be.st suited to contacts 
carrying light currents, whereas for heavy currents the silver and 
silver alloys are preferable. 

In instances where the contacts operate under very light pressures 
the platinum alloys are best since they do not form insulating films 
of tarnishing products on the contact surfaces. The platinum alloys 
are also recommended for conditions of heavy wear under severe 
corrosion and arcing circumstances. 

In connection with the arcing limits of contact metals the following 
values* are of interest — 

Platinum 0«8 ampere 

Palladium 0*6 0-7 ,, 

Silver 0*1-0 u ,, 

Alloy of 6 per cent platinum, 70 per cent gold 

and 24 per cent silver 0*2-0*4 ,, 

Alloy of 10/1 gold-platinum 0-6-0-7 ,, 


“Contacts Suitable for Instrumonts ” H Williams, Journ, Scient. Jnsts., 
September, 1934. 
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An inductive energy of 0*26 joule should not be exceeded between 
the contacts. For severe impact conditions such as those experienced 
with high-speed petrol engine ignition contact breakers, tungsten — 
which has the high melting point of about 3000° C. and great hardness, 
viz. about 290 Vickers pyramid hardness number — ^is often employed. 
The current values in these applications are low, since, for high 
amperages and low voltages, tungsten tends to form high resistance 
oxides ; it has also a relatively high electrical resistance. 

In order to obviate the latter disadvantages comhinatiom of tungsten 
with Silver or copper have been employed, thus obtaining the advantages 
of the high melting point and hardness of tungsten together with that 
of the low electrical resist an(*e of silver or copper. 

Alloys of tungsten and molybdenum are also employed for contacts 
owing to their high resistance to wear; moreover, the molybdenum 
has only a small effect upon the conductivity of the tungsten. Tungsten- 
nickel IS another good wear-resistance contact alloy but it has a higher 
(Hint act resistance than the platinum series. 

Table 104* gives the hardnesses, melting points and specific 
resistance values of the pre(*ious metals used for contacts. In regard 
to the specific resistances shovni it should be noted that the lower 
these values are the better the metal is as an electrical conductor. 
The thermal (‘onductivity, upon which the heat dissipation of the 
contact metal dejiends, is approximately in inverse proportion to the 
specific resistance , thus, good electrical conducting metals are also 
good heat conductors. 

Platinuni, This metal has a melting point of 1755° C. and a hardness 
value of 47 (Vickers pyramid diamond value). It is extremely ductile 
and malleable, but is too soft for most contact purposes although 
still used for certain relay contacts It is usual to alloy platinum with 
other metals such as iridium, rhodium, tungsten, ruthenium, osmium, 
gold, silver, nickel and cojiper for electrical contacts. 

The effect of alloying platinum with iridium is to harden it, to 
increase the melting jioint and the specific resistance, as the percentage 
of iridium is increased, some values of these quantities are given in 
Table 104 

When more than 12 per cent of iridium is present the alloy in the 
annealed state has an increased tensile strength. When copper is alloyed 
with platinum the electrical resistance is increased to a marked extent, 
a resistance per mil. ft. of approximately 54 ohms being obtained; 
moreover the alloy is much harder than platinum, namely, about twice 
the Vickers pyramid diamond value. 

* Electrical Contacts ni Precious Metals (Johnson, Matthey Ltd., London). 
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TABLE 104 

Properties op Electrical Coi^tact Metals 



Hardnt'bs 
(Annealed) 
V ickers 

P^ I amid 
Numeral 

Approx. 

Melting 

Point 

C. 

Specific 
Resistance 
at 18 C. 
Microhms 
per cm. 
cube 

Pure Metals — ^ 

Platmuin 

47 

175.’) 

10 5 

Indium 

421 

2290 

5*3 

Palladium .... 

63 

1.549 

10*7 

Gold . . . . 

23 

1063 

2*4 

Silver 

23 

961 

1*6 

Alloys 

Commercial platinum 

55 

1755 

11*4 

10 per cent iridio platinum 

110 

1810 

23 6 

20 per cent indio -platinum 

200 

18.55 

30-6 

25 per cent iridio -platinum 

250 

1870 

31 S 

30 per cent jndio -platinum 

290 

188.5 

33 1 

H.S.F. platinum alloy (eontairiin^ 
tungsten and indium) 

130 

1800 

22 2 

Platinum -ind lum-rutlienium alloy 
(“IKHLI”) 

300 

1890 

39 0 

Platinum indium-osmium alloy 

Appiox 

Over 


No. 540 

500 

2000 

— 

Platimuri gold sih er alloy 

70 

1120 

16*8 

Palladiuin-coppor alloy No. 60 

130 

1240 

35 0 

33 per cent platinum siher 

190 

1290 

32 4 

Pall idiurn-silver alloy . 

No. 501 

71 

1930 

3 8 

No 502 

100 

1070 

5*8 

No. 503 

165 

1160 

10 0 

5 p *r cent gold-sil\ er 

27 

970 

2 6 

lU per cent gold silv ei 

28 

9S() 

3 6 

30 per cent gold -si Ivor 

37 

1027 

7*3 

70 p r cent gold silver 

72 

1060 

10*4 

Copper-silver alloy No 510 

75 

899 

2 0 

Copper-silver alloy No. 520 

198 

820 

2 1 

Standard silvw (92 5 pei cent) 

50 

894 

1 9 


Nickel and cobalt are also used as alloying elcm(‘nts, the 10 per 
cent nickel alloy having a lower resistance than the corresponding 
cobalt one. 

Ruthenium and osmium have an even greater hardening effect on 
platinum than iridium. 

These hardened platinum alloys are used for magneto contacts, 
vibrator adjusting contacts and similar items requiring rapid making 
and breaking of electrical circuits under relatively heavy impact 
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conditions, where corrosion resistance is required to be of a high order. 
The 15 to 20 per cent iridium alloy has been widely employed for these 
purposes. The precious metal contact is welded to a base metal 
shank or screw end as illustrated by the examples given in Fig. 146.* 
In connection with the platinum ^rhodium alloys of varying rhodium 
content it has been shown that the mierostrueture of each alloy appears 



Ki(.. 146 . M'yfes of Klectrical Covtacts 

lh( contatt iiuLil is sliown in black 


to be that of a solid solution and the temperature coefficient of resist- 
ance IS a minimum for alloys having 20 to 40 per cent of rhodium 
the resistivity is at its maximum between 10 and 40 per cent. 

Thf‘ results of a comprehensive series of tests on platinum and some 
palladium alloys made by E M Wise and J. T. Eashf are given in 
Table 105. The tests were carried out on these alloys in the form of 
wire of 0 071 in. diameter in the annealed condition, and cold-drawn 
to a diameter of 0 050 in., corresponding to a reduction in area of 50 
per cent. At the latter diameter the wires were tested in the drawn 
condition and also after annealing, usually for 5 minutes at different 
temperatures in an electric furnace. 

The results given indicate that nickel exerts a very pronounced 
hardening effect on platinum ; the strengthening effects of palladium, 
iridium, rhodium and ruthenium are also shown. 

Platinum^gold-silver alloy (see Table 104) is used in telephone 

* Arnerican Machtmst. 

t Tech. Pubn. No. 584, Amer. Inst. Mining and MetaU. Engrs., 1936. 
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manufacture for the small contacts used for telephone relays, voice 
frequency relays and similar apparatus. It is a hard alloy and less 
expensive to use than platinum, but its arcing resistance is rather 
lower. It possesses very good corrosion resistance and is considered 
the next best metal for contact purposes to platinum. 


TABLE 105 

Properties of Platinum Metals and Alloys, Cold-drawn 
(50 PER cent Reduction) and After Recommended Anneals 


Material j 

Recommended 

5 min. Anneal, 
“C. 

Limit of Pro- 
port lonalitv, 

11) per sq in 

i 

1 Itiiihite Ten- 
mle StreuRth, 
lb per sq in 

EloiiRiition, 
per cent 
on 2 in. 

Reduction 
of Area, 
per cent 

1 


27,000 

36,000 

2 5 

95 

tom pun Pt 

900 1000 

10,000 5,300 

24 000 22,000 

24 14 

92 



27,000 

36,700 

3 5 

96 

No 1 Pt 

1030 1100 

8,500-6.500 

25,000-23,000 

21 29 

94-95 



5 1.000 

69,100 

2 0 

92 

Pt 95, Ir 5 

noo 1200 

23,000 ls,000 

41,500 39,000 

23 32 

9.5-94 



54,0(K) 

82,200 

2 5 

94 

Pt 90, Ir 10 

1100 1200 

30,000 .30,000 

55,000 53,000 

25 27 

95 <)4 



100,900 

140,500 

2 5 

84 5 

Pt 80, Ir 20 

1200 1400 

62,000 59,000 

102.000 93,000 

21 20 

89 8b 



55,600 

84 300 

3 0 

90 

Pt 90. Kh 10 

1100 1200 

22,000 17,000 

49 000 47,000 

25 37 

93 94 



51,900 

85,000 

1 75 

87 

Pt 75, Pd 20, Rh 5 

1000 1100 

23,500-17,000 

57,000 53,000 

23 29 

91-94 



70 000 

103,100 

2 0 

84 

Pt 95, Ni 5 

1000 

33,000 

65,000 

23 5 

93 



31,800 

46,900 

1 5 

91 5 

No. 1 com Pd 

800 900 

5,000 

30,000 

.39 41 

92 89 



46,050 

61,000 

2 0 

88 5 

Pd 95, Kh 3, Kii 2 

1000 1100 

16,000 15,.500 

46,000 41,000 

30 .16 

92 88 



4() 300 

71,500 

1 3 0 

84 5 

Pd 95, Ru 4, Rh 1 

1000 1100 

28,000 21,000 

59,000 55,000 

' Vj 26 

1 

84 


Note Lppor \alues aie for the 0 O.'i in drawn wire and Jower values for the annealed wire. 


Palladium -copper alloy (see Table 104) has been s})ecially developed 
for use in light-duty contacts employed in telephone relays. 

The silver alloys containing small percentages of platinum, palla- 
dium or gold are cheaper than the platinum ones and possess high 
electrical conductivity. . They are harder and hav(‘ greater corrosion 
resistance than pure silver. 

Standard silver is an alloy of silver with 7-5 per cent copper. It is 
cheaper than pure silver and is used for the contacts of wireless set 
switches and thermostatic devices, where the main considerations are 
rapid dissipation of heat from the contact surfaces c’ornbined with 
good wear resistance. 

An alloy of 70 per cent silver, 25 per cent palladium and 5 j)er cent 
cobalt possesses good properties in regard to corrosion and wear 
resistance and it is often employed for small electrical contacts. 
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Sparking Plug Electrodes 

The requirements for tljese electrodes are that they shall be able to 
withstand the erosion effects due to the high combustion temperatures 
and sparking voltages , the latter are of the order of 8000 to 16,000 volts. 
Further, they must be able to resist erosion effects of leaded fuels. 
The metals that have been tested* for sparking 
plug electrodes for aircraft engine use include 
ferrous alloys, nickel -chromium alloys, Stellite, 
tungsten, nickel and nickel alloys with more than 
95 per cent nickel. The results of actual tests in 
engines running on leaded fuels indicated that 
tungsten showed the least erosion and pure nickel 
was next m order to it. None of the materials 
showed any signs of chemical attack and the 
erosion was confined to a small area. 

Tungsten, however, is not altogether suitable 
for electrodes since it requires a high sparking voltage , in addition it 
is too brittle to permit the bending over of the electrodes for gap- 
adjustmept purposes. 

High nickel alloys are jiarticularly w^ell suited to sparking plug 
electrodes on account of their high resistance to erosion and the low 

sparking voltage needed They can be 
used for adjustable electrodes in the 
form of inserts in a steel central 
member and in the sparking plug shell ; 
these alloys (‘an readily be w orked and 
bent for adjustment. 

I^latinum and platinum -iridium 
\lloy electrodes have been used in 
svirae more recent designs of sparking 
plugs on account of the high erosion 
resistances, namely, about four to five 
times that of pure nickel. The alloy 
favoured is the harder 20 per cent 
iridium one. Fig. 147 illustrates the 
Lodge sparking plug electrodes consisting of three square sectioned 
wires of platinum-iridium, whilst the K.L.G. six-electrode plug is 
shown in Fig. 148. 

Mention should also be made of the nickel-barium alloys, containing 

* “Erosion of Sparking Plug Electrode Materials,’* W. R. Dobenham and 
F. G. Haydon, Aeron, Research Committee R, and M., No. 1744. 
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from 0*1 to 0*2 per cent barium A^hich are now widely used for sparking 
plug electrodes. An account of these alloys is given on page 222. 

Thermostatic Metals 

Although these metals are not alloys a brief account is here included 
in view of their importance in engineering and industry. 

The names '' therm omctar' and ^'thermostatic metar’ are given to 
strips of metal made up of two dissimilar ijietals bonded together by 
soldering, brazing, welding, rolling or sintering. Assuming that the 
component metals have different coefficients of thermal expansion, 
when a flat bimetallic strip of this nature is heated uniformly, owing 
to the differential expansion effect, the strip will assume a curved 
shape, the movement being accompanied by the exertion of an appreci- 
able force. This movement, due to temperature increase, may be 
utilized to perform operations such as o])ening or closing of electrical 
circuits when a given temperature is attained, opening or closing 
valves for regulating the flow of liquids or gases , indicating actual 
temperatures, for thermometers and pyrometers; ojx'rating time 
switches, and for numerous other purposes. 

It is not difficult to estimate the deflection of a bimetallic strip 
when the dimensions and linear expansion coefficients are known ; in 
this connection a straight narrow strip will form an arc of a circle 
when heated. Since, howwer, the bimetal will deflect across its 
^ width as well as along its length, a flat section will become curved 
<on heating, by increasing the ratio of thi(*kness to width, however, 
this effect will be minimized, in most instance h this cross-bending 
effect can be neglected ex('ept in the case of bimetallic strips made into 
the form of helical coils or spirals. The latter, when heated, produce 
a rotary motion effect , in such coils the cross-bending may either 
assist or opjiose the longitudinal forces tending to deflect the strip. 

In regard to the selection of suitable materials the greatest deflec- 
tion of a given bimetallic strip will occur when the difference between 
the expansion coefficients is a maximum, so that for this result the 
expansion coefficient of one metal should be a maximum and that of 
the other a minimum. The deflection of a flat -section bimetallic strip 
wdll vary as the square of the length and inversely as the thickness 
according to the following relation — 


where d = deflection , and t he final and initial temperatures ; 
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L the length, and t the thickness of the strip ; jfc is a constant depending 
upon the metals used. 

The values of the linear expansion coefficients* for some of the^ 
more common metals are given in Table 203. 



Fig 149 PiXAMPiis showing some Diiierevt Forms op 
Thermos TATic Mii \e Flemems 


TABLE 203 

COLFIK^ILNTS OF LtnLAR EXPANSION 


Metal 

1 Coefln lent 

Iron 

0 00()()119 

Nukol 

0 0000137 

(\jppt r 

0 0000166 

Sih ei 

0 0000188 

Tin 

0 0000216 

Magnesium 

0 0000250 

Aluminium 

0 0000230 

Zinc 

0 0000203 

Lead 

0 0000284 


The high nickel steels, vith 35 to 40 per cent nickel, have very low 
expansion coefficients, namely, from 0 0000009 to 0*000006. 

There is a >\ide range of commercial thermostatic metals on the 
market available in the form of strips made to various shapes, spirals 
* Physical and Chemical Constants, Kaye and Laby. 
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width ; 2^2 — temperature change in F. ; d = deflection of free end in inches ; p = pull in Oimces at free end ; ^ = angular 

ion m degrees ; M = torque in oz. in. ; t = thickness in inches ; L = length in inches. 
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and helices, under the name Wilco Thermometal;* it is therefore 
possible to select the most suitable type of bimetal for any particular 
application. These thermometals are made for various temperature 
ranges of maximum sensitivity, namely, from 0° F. to 300*^ F. up to 
300° F. to 660° F. 

The properties of the thermometals as known by their trade names 
are given in Table 106. The values of the constants used in the formulae 
for deflection, pull and torque are also shown in the table. 

It is not possible to enumerate all the applications of thermostatic 
metals, but the following is a small selection: Automatic control of 
exhaust heat to carburettor , automatic carburettor choke control : 
oil gauges; temperature compensation for hydraulic shock absorbers; 
radiator and cooling system temperature control in automobile and 
aircraft engines : altitude indicators ; circuit breakers , electric 
clocks; electrical measuring instruments, recording thermometers; 
radiator shutter controls; fire extinguisher actuating controls; 
time relays; vulcanizers; gas regulators for constant temperature 
conditions: electric iron heating controls, oil burners for boilers 
controls ; overload relays ; refrigerator heater (‘ontrols ; percolators ; 
electric heaters; transformer indicators; room temy^erature regula- 
ting thermostats, steam traps, sign flashers, signal devices; water 
heaters — gas and electric. Special thermostatic metals are also avail- 
able for use in corrosive atmosjihercs and for high 1emy)erature steam 
purposes. 

* H. Wip:gin & Co., Ltd 
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Antimony 

Antimony is a bright bluish-white crystalline metal belonging to the 
same group of elements as nitrogen, bismuth, arsenic and phosphorus. 

It has a specific gravity of 6*7 to 6*86 and melting point of 630° C. ; 
it boils at about 1300° C. and volatilizes at 1500° C. 

The specific heat is 0*051. 

The coefficient of linear exp^insion is 0*0000108 per deg. C. 

The electrical conductivity is 41*7 microhms per cm. cube. 

The principal engineering uses of this metal, some of which have 
previously been referred to, include its application 1o alloys such as 
tyj)e metal, stereotype and Britannia metal, all of which give fine 
sharp castings. Tt is also useful as a hardening element in lead and is 
employed in certain bearing metals of the lead-tin class. 

Antimonial leads are employed for shrapnel bullets, storage battery 
plates, sheet lead for acid chambers, cocks and valves in a(»id plant, 
for electric cable sheathing and lead pi})es. 

An interesting use of antimony is for producing the a})pearance of 
polished steel on papier mach6. 

Antimony and bismuth are used as the elements of a thermo-couple 
for detecting small changes of temperature. 

The salts of antimony have important industrial uses, notably in 
the vulcanizing of rubber, as paint jiigments, glass colouring media, 
matchbox striking surfaces, mordants, primers of explosive shells, etc. 

Beryllium 

This is a hard steel-grey metal having a specific gravity of 1*84, 
being appreciably lighter than aluminium. It has a melting point of 
about 1285° C.* Its specific heatf between 0°C. and 100° (>. is 0*425. 

The metal is extracted from its ore, beryl, by various methods, but 
is difficult and expensive to obtain in a high degree of purity, the 
principal impurities being oxygen, iron, carbon, aluminium and nitro- 
gen. By special methods involving the elimination of the oxygen a 
purity of 99*9 per cent has been obtained.f The Brinell hardness of this 

* “Beryllium,” The Metal Industry , 2nd August, 1929. 

t Kayo and Laby. 

X “RoHearchos on Boryllium,” H. A. »Sloman, Journ. Inst. Metals^ 1932. 

332 



MISOBLLANBOUS METALS AND MATBBIALS 


333 


metal was 60 to 65 and it could be bent backwards and forwards many 
times before cold-working led to fracture. While the metal was found 
to be harder than copper or silver it was ductile in the pure form. The 
brittleness usually ascribed to beryllium is believed to be due to the 
presence of two allotropes, one hard and the other soft, and to the 
presence of impurities exceeding 0*1 to 0*5 per cent. 

Whilst many claims have been made for beryllium as a possible 
rival to aluminium and magnesium in connection with strong light 
alloys it has, to date, proved rather disappointing and has as yet 
found no industrial applications in this field. 

Its principal value, however, is when present in amounts up to 
about 3 per cent in copper- and nickel-rich alloys. Thus, as shown in 
Chapter V, the ber 3 dlium-copper alloys have found many important 
applications as spring materials having superior strength properties 
to phosphor bronze , also for bearings, bushings, and certain types of 
gears 

Beryllium- bronze chisels wiU readily cut mild steel and are rum- 
sparking, so that they can be used in the vicinity of explosives or 
inflammables. 

Beryllium-copper alloy is also employed for cast moulds used in 
making plastic material objects ; and for resistance welding electrodes. 

Berj^llium steels, referred to in Volume 1, have also important 
uses on account of their high corrosion resistance and strength pro- 
perties. Beryllium can be plated on to copper, nickel, iron and alum- 
inium by using a fused bath containing beryllium -oxyfluoride together 
with an alkali fluoride at a temperature of about 600° C. Copper 
conductors thus coated possess the high strength determined by the 
beryllium-bronze coating and the hardness of the latter can be increased 
by suitable heat -treatment. The coated copper conductors, w^hilst 
having the conductivity of the copper core, are stronger than copper, 
and so are suitable for overhead telephone and power lines. 

Beryllium possesses deoxidizing properties which have proved 
useful in connection with the making of cast copper moulds and other 
copper castings. It has been found that 0*01 per cent of beryllium 
gives a dense, smooth and flawdess casting of high electrical conduc- 
tivity. 

Beryllium-silver alloys have been found to have good tarnish 
resistance qualities; from 3 to 5 per cent of beryllium by weight 
renders silver immune from the tarnishing action of sulphur compounds. 

Pistons for petrol engines, possessing good corrosion resistance and 
much lighter in weight than those of aluminium alloys, have been 
made of an alloy consisting of 67 per cent beryllium and 33 per cent 
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aluminium. The tensile strength at 260® C. and the Brine II hardness 
value after heat-treatment are about the same as for the forged 14 
per cent silicon-aluminium alloy. On the other hand the thermal 
conductivity of the beryllium alloy is only about one-half that of the 
latter alloy so that suitable design alterations are necessary to ensure 
that the pistons do not operate at appreciably higher temperatures. 

Bismuth 

This is a lustrous greyish -white brittle metal with a slight red 
tinge, belonging to the same chemical group as antimony. It has an 
atomic eight of 208, specific gravity of 9*9 and a low melting temper- 
ature, namely, 269° C. 

It is a hard metal but owing to its brittleness can readily be 
powdered ; it is neither ductile nor malleable. 

The specific gravity of the molten metal is 10*055 and, as previously 
stated, that of the solid metal is 9*9, so that it expands on solidification 
by about 2*3 per cent of its volume. The molten metal can be poured 
at 6° C. below' its solidifying point and still remain liquid, but the 
temperature rises when it solidifies. 

The specific heat is 0*0305 between 20° C. and 100° C. 

The coefficient of linear expansion is 0*0000139. 

Its electrical conductivity is 1*3* and heat conductivity 1*8 (silver 
= 100) , these are about the lowest values of the metals. 

Bismuth is the most diamagnetic metal known, i e in its power of 
being repelled by a magnet. 

On exposure to air bismuth oxidizes slightly. Whfn heated to 
redness it burns with a bluish flame forming a bismuth oxide known 
as “flowers of bismuth” (BigOg). 

Bismuth has many uses for medical, surgical, electrical and engin- 
eering alloy purposes. 

It is employed for making fusible alloys, heat-treatment molten 
alloy baths, electrical fuses, stereotype metal, bismuth-bronzes, 
bismuth -cadmium low melting point alloys (below 100° C.), solders 
and castings. 

Cadmium 

Cadmium is a bluish-white metal obtainable commercially from 
99*5 to 99*9 per cent purity and having a brilliant crystalline fracture ; 
it emits a rustling sound resembling the “cry” of tin when bent. 

It has an atomic weight of 112*41 and a specific gravity (cast) of 
8*604; in the hammered condition the specific gravity is 8*69. 

* 120 to 150 microhms per cm. cube. 
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The specific heat from 0® C. to 100° C. is 0*0548. 

The specific resistance is 6*2 to 7*0 microhms per cm. cube. 

The melting and boiling points are 321° C. and 785° C. respectively. 

The latent heat of fusion is 13*00 cal. 

The tensile strength of the hammered metal is about 6 tons per 
sq. in. with 44 per cent elongation on 3 in. gauge length. 

Its malleability is such that it can be beaten out into thin foil; it 
can also be drawn out into very fine wire. 

The hardness of cadmium in the annealed state is 21*3 to 25*5 
Brinell. The coefficient of linear expansion is 0*0000306 per deg. C. 
[0° C. to 100° C.]. 

Cadmium is soluble in dilute acids with the formation of the 
corresponding salts ; dilute nitric acid is the best solvent. From such 
solutions zinc will precipitate the metal in tree-like or dendritic 
form. 

Cadmium, as previously mentioned, forms a number of very useful 
alloys. These include copper -cadmium containing about 1 per cent 
cadmium which is used for the trolley wire on electric tramway 
systems ; cadmium solders used instead of tin solders when tin is 
scarce; cadmium-gold alloys of greenish colour used in jewellery; 
cadmium-silver alloys of excellent malleability used for certain 
domestic articles made by spinning and drawing, also for stain- 
resistivg silvers, bearing alloys of low coefficient of friction; fusible 
alloys, such as bismutli-lead-cadmiurn, bismuth-tin-cadmium and 
lead-tin-cadmium, for fusible phigs in fire-resisting plant and safety 
devices and electric fuse wires; cliches used to a considerable 
extent in newspaper printing v\here metal copies are taken from 
impressions stamped in papier mache by a hard type set; also 
fusible alloys employed in wireless telephony and for crystal detector 
settings. 

Cadmium* is also used in the manufacture of tungsten lamp 
filaments. An alloy consisting of 42 parts cadmium, 53 parts mercury 
and 30 parts of tungsten is ground and heated in a mortar ; afterwards 
it is extruded into wire and finally heated to drive off the alloy and 
finished by heating in a vacuum to solidify the tungsten. 

Mercury cadmium alloys are used in standard electric cells. It is 
also employed in the oxide form with powdered zirconium silicate in 
making high temperature -resistor material for use in electric furnaces. 
It has a low negative temperature coefficient of resistance, even at 
1000° C. Cadmium vapnur arc lamps give a strong monochromatic 

A fuller account of the applications of cadmium is given in “A General 
Survey of Cadmium,” by C. F. Moore, Journ, Jnn. Inst, of Engr a., 1928. 
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red light. Cadmium is also used in association with tin, lead and 
antimony to make alloys for electric cable covering. 

Cadmium salts, such as the sulphide, are used for making paints. 
The sulphide gives a range of colours from lemon yellow to deep 
orange red. 

A coating of the paint is given to street cars and vehicles over a 
coat of chromium yello^^ or a cheaper body, and the cadmium sulphide, 
being entirely unaffected by hydrogen sulphide, keeps its yellow colour 
with great permanency. The sulphide is also used for tinting rubber 
goods, toilet soaps, and candles, and finds employment in pyrotechny 
on account of the rich blue flame produced during combustion. 

Cadmium in various forms is used for colouring glass, porcelain, 
etc., and in the preparation of enamels. It has been employed to 
produce some beautiful coloured enamels consisting of cadmium 
sulphide and selenide combined together, these have been to some 
extent used for the decoration of articles of jewellery. 

During the 1914-18 war, small arms ammunition was provided with 
a cadmium band on the hard jacketed cartridge ball, which then 
took the rifling with little near on the barrel, and thus prolonged the 
life of the gun ; for this purpose large quantities of cadmium A\ere 
imported by Germany before the var. Also there vas considerable 
employment of smoke bombs for signalling during the 1914-18 var, 
in which cadmium was an important smoke-producing component 
Sporting shot and rifle bullets are coated by elect ro-d(‘posit ion. 

Cadmium Plating. Cadmium is used as a protectivt^ coating for 
steel and brass parts. Although not so hard as cliromium it is easier 
to apply and if more expensive by weight the cost of the plating per 
unit area is no more than that of nickel plate owing to the thinner 
coating required. 

Although it will not give such a high polish as nickel, cadmium vill 
provide satisfactory polished coatings for most jiurposes , it inaint ains 
its colour satisfactorily. After exposure to the atmosphere it becomes 
dull in time, due to the formation of an oxide film, but the latter 
affords a protection against further attack. 

Cadmium jilating will withstand the usual salt-spray test from 
60 to 100 hours ; it is, however, attacked by most acids, but is superior 
in its resistance qualities to zinc , moreover, it is very resistant to 
alkalis that readily attack zinc. 

Owing to its high electro-chemical equivalent, which is twice that 
of nickel, copper, or zinc, cadmium is deposited more rapidly than 
these metals under similar plating current conditions. 

A cadmium film of 0*0002 in. thickness is considered satisfactory 
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for protective purposes, whereas in the case of nickel a coating of 
0*001 in. is necessary. 

Cadmium can also bo used as an undercoating for deposits of other 
metals, and nickel can be deposited more easily on cadmium than on 
zinc: the use of “nickel-over- cadmium” coatings is recommended 
where a nickel finish with rust protection is desired. 

Articles to be cadmium plated must be thoroughly cleaned, one 
satisfactory method being to immerse them in hot caustic potash 
solution, wash in cold running water, dip in dilute hydrochloric acid, 
and finally again wash in cold running water. From the pickle dip — 
which produces a uniform bright surface — the parts go into a cold 
solution of cyanide of potassium or cyanide of soda in water, the 
latter being less expensive than the potash. The cyanide dip removes 
any remaining film left from the air or acid. The acid pic*kle is not 
Fc*quired for brass parts, as the alkaline dip gives a satisfactory clean 
and bright surface. No undercoat of copper or other metal is needed 
for plating cadmium on iron and steel. Plating baths may be either 
acid or alkaline, the latter being largely used. The alkaline bath 
consists of a water solution of potassium cyanide with the addition of 
caustic soda. 

A most satisfactory electrolyte to give a fine-grained deposit, 
according to some authorities, is a doubh* cyanide of sodium and 
cadmium, in which the cadmium ion content is low^ One satisfactory 
plating solution consists of : w^atcr, 1 gal. ; sodium cyanide, 9 oz. ; 
cadmium oxide, I oz, , potassium hydroxide, 1 oz., and | oz. “bright- 
ener” (black mola.sses). For mechanical plating the sodium cyanide 
should be increased to 12 oz. and the cadmium oxide to 3 oz. ; the 
“ bright cner” should be reduced to J oz. 

A current density of 6 to 20 amperes per sq. ft. and a voltage of 
5 to 6 across the bus-bars appears to give the best results. If the parts 
are moving, or the solution is agitated, the current density can be 
increased, uith consequent reduction in time required for plating. 
The solution may also be used either cold or hot. With a hot solution 
the time of plating can be redu(*ed considerably. Ordinary still-tank 
plating with a cold solution gives a plate about 0*0002 in. thick in 
about 15 minutes. AfUT the parts are removed from the plating bath, 
they are rinsed in cold water and then in hot w^ater to aid the drying. 

Cadmium plating is extensively employed for such articles as w ireless 
components, domestic appliances, typewTiters, calculating and cash 
registering machines, various types of instrument parts, for replacing 
nickel plate on metal toys, for automobile and aircraft parts, screws, 
nuts, pins and washers, etc. 
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Cobalt 

Cobalt is a brilliant silvery metal of atomic weight 59 and specific 
gravity 8*6. It melts at 1490° C. 

The commercial cobalt contains about 96/98 per cent of the metal. 

In regard to its physical and mechanical properties cobalt is, after 
iron, the most magnetic metal; further, it retains its magnetism up 
to about 1000° C. At 1115° C. it becomes non-magnetic. 

Cobalt forms one of the constituents of an excellent magnet steel 
known as cobalt steel, particulars of which are given in Volume I 
of this work. ' 

The following are the principal properties — 


Tonsilo Strength (Cast) 

,, ,, (Annealed) 

„ ,, (Rolled) 

Bnnell Hardnc^ss 
Specific Heat (15''-100 (’ ) 

Specific Resistance 

Temperature Coefficient of Resistance 
(0-16U C.) . , 


15*0 tons per sq. in. 

16 0 „ 

44 0 

124-130 „ 

0 107 

9 71 niKTohms per cm. cube 
0 0033 


Cobalt is an important clement in certain tool steels, as it improves 
the cutting properties. It forms a constituent of Stellite, a well-known 
extremely hard metal-cutting material having cutting properties 
superior to the best high-speed tool vsteels 

Cobalt is used as an electrical alloy, known as (^ochrome^ in 
place of the resistance material Nichroine for electric heaters and 
stoves. 

The cobalt K.8. steel, now widely used for magn dh, in the tempered 
condition has a coercive force throe times that of the best tungsten 
steels. 

Cobalt is also used for protecting the surface of iron and steel 
parts exposed to corrosive influences. It is deposited, electrolytically, 
about 15 times as rapidly as nickel. Cobalt plated ])arts have a whiter 
appearance and are harder than nickel. 


Chromium 

Chromium is a steel-grey metal of extreme hardness obtained from 
chrome iron ore (chromite) ; it is much harder than steel, and wdll 
scratch glass. If the metal contains carbide imjnirities it is even 
harder and approaches diamond in this respect. 

Chromium has a specific gravity of 6*92, and melts at 1520° C. 
Its specific heat at 20°C.-50° C. is 6*104. 

Its electrical resistivity is 2*6 microhms per cm. cube. 

Chromium has many engineering applications as a constituent 
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of alloy steels in association with nickel, vanadium, or molybdenum. 
It also gives stainless and heat-resisting properties to certain steels. 

Chromium confers high electrical resistance properties on nickel, 
well-known examples being Nichrome, Fer-Nichrome, and Kromore; 
such alloys are used for heating elements of electric stoves and fires. 

Chromium also forms an important constituent of chromium 
magnet steel, a much used substitute for ordinary steel on account of 
its better magnetic properties. 

Chromium Plating. One of the most important applications of 
chromium, however, is in connection with the plating of other metals ; 
in this resi)ect it is superior to nickel as it does not oxidize in air to 
any appreciable extent. When elect^’o-deposited, chromium is an 
attractive metal, slightly bluish in tint, and extremely hard. Although 
chromium itself is so hard, the deposit is usually so thin that an article 
after plating is very little or no harder than before. Thus, if the base 
metal is soft, the finished article is likewise, and may be scratched as 
readily as the original metal. On the other hand, chromium deposited 
on hardened steel cannot be touched with a file. Its hardness has led 
to its extensive use on gauges, ^\hich, when electro-plated, for example, 
to a depth of about 0*002 m. with chromium, yield greater service than 
any other gauges so far tested. Gauges thus treated have a very 
enhan(*ed life, and also possess an advantage in that chromium is 
readily attacked by hydrochloric acid. This will not touch steel, and 
it can be used to remove the plating after the gauge is worn, when 
it may be re-sized by a new^ coating of chromium. It is therefore possible 
to use the same gauge for an indefinite period. Other directions in 
which chromium plating methods have been tried out include the 
coating of the wearing parts of motor-car engines, such as pump-shaft 
spindles, gudgeon-pins, crankshaft journals, cylinder barrels (Listard 
process), etc. ObvioiLsly, the application of chromium plating has two 
purposes, one as a pcTmaiient decorative effect, and the other to 
prolong the life of wearing mechanical parts. 

The electro-deposition of chromium is conducted on the same 
lines as nickel jdating, and similar electro-depositing processes, al- 
though there arc certain considerations in connection with the work 
that demand slightly different equipment. 

Chromium plating has been successfully applied to replace nickel 
plating on the motor-car parts that are subject to weathering. While 
nickel-plate tarnishes readily and wears off rapidly under successive 
polishing, chromium retains its brilliancy and needs only an occasional 
wiping with a cloth to remove dust, or the usual application of the 
hose, sponge, or chamois leather to restore the original lustre. Due to 
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its hard surface there is no danger of wearing or rubbing off the plate. 
The best results are undoubtedly obtained on non-ferrous metals, and 
to-day such articles as water-taps, lavatory and bath fittings, electric, 
gas, ship and hotel fittings, motor-car interior body fittings, are being 
successfully chromium -plated. As a finish for domestic utensils and 
fittings it has a strong appeal to the housewife, since nothing but a 
rubbing with soap and water is required to keep tlie articles bright 
and clean. 

Chromium coatings when thin are usually not impervious. As a 
deposit on iron or steel, chromium does not have a detrimental effect on 
riveting, as the (jhromium is passive and exerts no such electrolytic 
action as do cadmium and zinc. Such articles as surgical instruments 
and other objects intended for indoor use and always in a dry condition 
may be conveniently coated with chromium, but iron or steel products 
or components subject to conditions likely to promote rusting should 
be preceded by copper and nickel plating. In such applications the 
chromium is especially useful for its tarnish resistance, though it does 
add appreciably to the protection against corrosion by the copper 
and nickel. 

Chromium plating is more expensive than nickel plating. Actually, 
it is usually estimated that the cost is from three to four times that of 
nickel plating, but the longer life of the chromium-plated product or 
component, the elimination of constant cleaning, extreme brilliancy 
of the deposit, and its hardness are claimed to more than compensate 
for the increased cost. 

In connection with the use of chromium for plating automobile and 
aircraft engine gudgeon pins, in order to increase considerably their 
wear-resistance properties, these parts are hardened, ground and lap])ed 
before plating, the plating requiring only a short immersion in the 
bath. The metliud employed is automatic, and the coating is about 
0*0001 in. thick on each side. Radiator shells, lamp trimmings, and 
other parts are likewise receiving chromium protecjtion. It is also being 
used on cutting tools. The chromium plating on knives or dies used 
to cut paper and leather is said to add greatly to the life between 
grindings. In the case of shearing knives, the plating is on the side 
of the knife and the grind is on the edge, so that the chromium is in 
service indefinitely. The same is true in milling cutters. Chromium- 
plated gear cutters are said to have three to five times the life of plain 
cutters. Drills, micrometers, spindles for machine tools and cylinder 
bores are among other numerous subjects for chromium plating. 

In connection with the nature of the coatings obtained, it has been 
found that chromium when thickly deposited gives a brittle layer; 
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for this reason articles subjected to shock should be given a medium 
to thin coating. 

Generally speaking, the harder chromium deposits are obtained at 
the higher current densities. 

In regard to the electro-plating baths, practically all the baths em- 
ployed for chromium deposition appear to be derivatives of Sargent’s* 


turnnt Oanuty amp otr pq dom 
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solution, and consist essentially of chromic acid (200 grsw to 600 grs. 
])er litre) with relatively small amounts of sulphuric acid or chromium 
sul])hate (from 2*5 gms. to lOgms. per litre). Sometimes chromic 
oxide, CrgOg, is added, but tlie important hu‘tor is the sulphate content 
added to "the bath either as free acid or as chromium salt. 

One drawback to chromium-plating processes is the high current 
density required ; this is about ten times that of nickel. 

Not only is the current density high, but it is very important to 
have the bath at the correct temperature. Thus, it has been authorita- 
tively shown that at 25° C. a current density of 4 amps, per square 
decimetre gave a bright chromium deposit at about 12 per cent 
efficiency, but that at a bath temperature of 70° C. to 80° C. the same 
efficiency w^is only obtained with 60 amps, per square decimetre. 

Fig. 151 shows the relationship between the current efficiency and 

♦ “Electrolytic Chrormuin,” by (1. J. Sargent {Awef, Electro -chem. Soc,, 1920, 
vol. xxxvn, p. 479). 
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the current density in chromium-plating baths for different tempera- 
tures. It will be observed that the conditions for obtaining a bright 
deposit are showm on the diagram. It is usual to heat the bath before 
commencing to plate, and to maintain the bath at a uniform 
temperature. 

Chromic acid is particularly corrosive, so that glass vessels are used 
for small baths, but larger ones are often housed in steel tanks or 
lead-lined wooden vats. 


Iridium 

This metal belongs to the platinum group. It has an atomic 
weight of 193 and specific gravity of 22*4. The melting point is about 
2290° C. It is a hard whitish metal resembling steel and is quite 
brittle when cold ; it is malleable at a white heat. 

Iridium is difficult to fuse and is inoxidizable. 

It is employed as an alloy with platinum to give a much harder 
metal for high impact conta(*ts in electrical apparatus, e g., ignition 
contact-breaker contacts , also for fountain-pen points, watch and 
c’ompass bearings. The iridio-platinum alloy is used in thermo-couples. 

Iridium is not soluble in acids. It forms a useful series of alloys 
with copper, lead, gold and mercury. 

Lead 

Lead is a very malleable and ductile metal, havii^g a silver}^- white 
crystalline appearance when freshly fractured. 

Lead is not appreciably elastic, and it flows under \ery low stresses. 

The specific gravity of pure lead is from 11-3 to 11*4 in the solid 
state and about 1()*37 in the fluid state, so that there is an increase in 
volume of about 9*9 per cent from the cold solid to the liquid state. 

The tensile strength of lead varies from 1500 to 3000 lb. ])cr sq. in. ; 
the compression strength is somewhat indefinite, but lead in a mould 
will withstand compressions up to 30 tons per sq. in. without breaking 
down, although the metal flows continuously. The flow pressure for 
ordinary lead specimens is 0-75 ton per sq. in. The value of E is 
0*72 X 10^ lb. per sq. in. 

The fatigue limit of pure lead is about d: 400 lb. per sq. in. 

The Brinell hardness, using a 1 cm. ball with 100 kg. load, is from 
3-2 to 4*5. 

The coefficient of linear expansion of lead is about 28*4 X 10 ® per ° C. 

The thermal conductivity of pure lead at 16° C. is 0*083, and at 
100° C. the value is 0*082.* 

♦ Kayo and l^aby. 
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The melting point of lead is 327° C., and the boiling point at 
atmospheric pressure 1525° C. 

The specific heat of lead is 0*0305 between 20° C. and 100° C., and at 
300° C. its value is 0*0338. 

The electrical resistivity at 18° C. is 21 to 28 microhms per cm. cube, 
and the temperature coefficient of resistance 43 X 10"^. 

Lead is considered to be self-annealing since after deformation it 
soon recovers its initial softness. 

Lead oxidizes in air and is slightly soluble in pure water, but in 
water containing carbonates or sulphates a coating of these lead salts 
is formed which protects the metal from further action. 

Lead is a constituent of many commercial alloys, such as white- 
metal, bearing metals, lead bronzes, type metal, soft solders, etc. 

Antimony and also tin, as previously shown, have definite harden- 
ing effects upon lead. 

7'ellurium in amounts of 0*05 to 0*10 j)cr cent imparts improved 
properties to lead, for the latter then becomes amenable to work- 
hardening and its tensile strength is much higher than that of ordinary 
lead. Tellurium lead is used for sheeting and pipe purposes since 
weight can be saved if the alloy is substituted for lead itself. 

Ternary alloys of lead having 0*5 per cent antimony and 0*25 per 
cent cadmium or 1*5 per cent tin and 0*5 per cent cadmium are also 
much stronger than lead ; such alloys are now used for cable sheathing, 
lead pipe and sheet. 

In regard to the former alloy this has a fatigue limit of i 1650 lb. 
per sq. in., i.e. about four times that of pure lead. 

Lmd coalings are sometimes applied to iron and steel articles for 
protective purposes, and provided that the lead is perfectly alloyed 
or bonded, they are very effective. The electrolytic method of deposit- 
ing lead does not al>\a;y ‘'^ >ield reliable results, the coating being porous, 
so that the lead-dipping process is preferred. 

Terne sheets, which are frequently employed in place of tinned 
iron sheets, are made by dipping cleaned and pickled steel or iron 
sheets into molten lead. 

Many articles are now coated by first dipping with tin-lead 
alloys and then wiping ; the interiors of domestic iron and cast-iron 
utensils, steel pipe, and other fittings are frequently coated with these 
alloys. 

The “white lead” so largely used in compounding paints and putty 
is a mixture of lead carbonate and hydrated lead oxide. It is a poison- 
ous substance, an amount of more than 2 milligrams per day being 
considered a dangerous dose. 



344 


ENGINEERING MATERIALS 


Manganese 

Manganese is usually employed in the alloyed form, in commercial 
work, with iron, as ferro-manganese or spiegeleisen. The specific 
gravity of manganese is 7*4, and its specific heat at 14° C. to 97° C. is 
0122. 

It melts at 1260° C. and boils at 1900° C. 

Manganese, when alloyed with iron, oxidizes rapidly in the air and 
it is therefore much used as a deoxidizer of molten iron. 

Manganese is present in all steels, whether carbon or alloy, in 
varying smairamounts, and it forms a useful constituent. 

Manganese steel contains from about 7 to 20 ])er cent of man- 
ganese, possesses marked strength and toughness and is non-magnetic. 

When used in copper-zinc or copper-tin alloys it adds to the 
strength and toughness, as in the case of manganese bronze. 

Molybdenum 

This important element in alloy tool and other steels is a hard 
silvery-^vhite metal having a specific gravity of 10-0 and a melting point 
of 2450° C, 

The specific heat is 0*072 C (1 S units at IS"" C. to 91° C, 

The electrical resistivity is 5*7 microhms per cm. cube. 

Mol 3 ^bdenum can be formed into wire by hot-drawing from ingots 
made by pressing and heating the powdered metal at a temperature 
below the melting point. These ingots must be worked hot sin(‘e they 
are brittle when cold After hot-v^orking has proceeded to a certain 
stage the metal becomes ductile when cold. 

The worked metal can be annealed at about 1050° (\ so as to pro- 
duce a fine grained structure. 

The swaged and hot-drawn wire (1000-1300' C ) has a tensile 
strength for wires of 0*025 to 0*125 in. of about 66 tons per sq in 
with 4 to 5 per cent elongation. In the annealed condition this value 
falls to about 55 tons per sq. in. with 3 yier cent elongation for the fine 
grained metal, and to about 19 tons per sq. in. with 30 per cent elonga- 
tion for the large grained material produced by higher annealing 
temperatures. Molybdenum is used for X-ray targets, but its jirincipal 
application is as an alloying element in steel. 

Niobium 

This silvery- white metal belongs to the same group of elements as 
tantalum, the physical yiroperties of which are somewhat similar. It 
has an atomic number of 41, atomic weight of 92*9 and specific 
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gravity of 12-76. Its melting point is 1950® C. and boiling point 
3300® C. The Brinell hardness of the pure metal is about 76. It has 
somewhat remarkable gas absorption properties which are superior to 
those of tantalum, and is used in the construction of the metal parts 
of radio valves. 

Niobium is readily soluble in molten metals at normal melting tem- 
peratures. It has special aj)plieations as a constituent in small amounts 
in austenitic stainless steels for preventing “weld decay.” In 6 per 
cent chromium steel its presence increases oxidation resistance at high 
temperatures and shortens the period of annealing necessary for the 
improv(‘ment of ductility. These properties an^ unaffected by welding 
and oxy-acetylene cutting. 

The addition of niobium (and also tantalum) to nitriding steels has 
been found to increase greatly the rate of thickening of the nitrided 
skin, so that the ])erio(l of time for nitriding can be shortened con- 
siderably ; in this connection a content of 1 per cent niobium is 
sufficient for the purpose. Further referenc*e to this subject is made in 
Volume 1 of this work. 

Palladium 

This is a rare metal of the platinum group, wdiite in colour and 
possessing a certain degree of ductility and malleability. It has an 
atomic weight of 100 and specific gravity of 11*4. 

It is capable, in the spongy condition, of* absorbing a (‘onsiderable 
volume of hydrogen; thus a })alladium wire used as the negative 
electrode of an electric cell will absorb 936 times its owm volume of 
hydrogen. Palladium has a melting point of 1549® C. 

The specific resistance at 18® C. is 10*7 microhms per cm. cube. 

Palladium forms a useful series of alloys with silver for electrical 
contact purposes ; such contacts are harder and less liable to corrode 
than pure silver ones. These alloys are dealt with in Chapter IX. 

Platinum 

Platinum is a bright greyish-w^hite heavy metal with a specific 
gravity of 21*5 and melting point of 1752° C. to 1756° 0. 

It is both malleable and ductile, is heavier than gold and does not 
oxidize or tarnish in the air. 

Owing to its relative softness it is usually hardened by alloying 
with iridium for commercial electrical applications. 

The specific heat is 0-0324 C.G.S. units at 18° C. to 100° C. 

The coefficient of linear expansion is 0-0000(>964. This value is 
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practically identical with that of the glasses used in chemical appara- 
tus so that platinum wires for conveying electric currents can eflFectively 
be sealed into the glass without risk of air or gas leakage. 

The thermal conductivity is 0*106 C.G.S. units at 18° C. and 0*173 
at 100° C. 

The specific resistivity is 11 microhms per cm. cube at 18° and 
14 at 100° C. The temperature coefficient of resistivity is 0*0038 from 
0° C. to 100° C. 

Platinum is unaffected by ordinary mineral, animal and vegetable 
acids, but is attacked by aqua regia. It vill withstand exposure at a 
high temperature to atta<*k by a large number of chemicals, but is 
affected at a red heat by alkalis, nitrates, cyanides, phosphorus, 
arsenic, etc. 

On account of its general immunitv to chemical action by most 
materials it is omplo^^ed for crucibles, dishes, foil, spatulas, wire, 
weights, etc., for chemical laboratory and industrial j)ur])oses 

It forms a luseful series of alloys wMtli gold, coi)f>er, silver, nickel 
and certain other metals, fn this connection an alloy resembling gold, 
known as ‘‘mock gold,'’ consists of 7 parts of ])latinum and 16 parts 
of copper (by weight). Platinum alloyed with iridium is used for 
electrical contacts. 

Platinum bronze consists of 1 part platinum, IK) parts nickel and 
9 parts tin. 

Platinum dental alloy consists of 5 parts platinum, 3 parts gold and 
4 parts palladium. 

Rhodium 

This is one of the precious metals of the platinum vroup. It has 
an atomic w^eight of 103 and sjiecific gravity of 12*44. It is of white 
lustrous appearanc^e and has a high melting point, namely, about 
1907° C. Although used to some extent as a hardening medium in 
certain alloys and in the construction of electrical pyrometers, its 
principal appli(*ation is for jiroviding an untarnishable plated coating 
on various articles. This coating is extremely hard ; its hardness lies 
between that of chromium and nickel. 

Rhodium owes its “stainless” qualities to the fact that it is a very 
inert element, entirely unaffected by acid action ; thus, whereas plati* 
num is attacked by aqua reqia^ rhodium is quite unaffected ; similarly 
it is immune to the action of vegetable and animal acids. 

Among the commercial applications of rhodium mention may 
be made of its use. for plating jew(dlcry, silverware, pen nibs, the 
radiators of expensive cars, precision-measuring weights, parts of 
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microscopes, hydrometers, lens mountings, nautical instruments, 
gauges, microphone parts, musical instruments, camera fittings, sur- 
gical apparatus, safety razors, propelling pencils and metal reflectors. 

In regard to its use far coating refectors, for searchlights, cine- 
projectors, floodlights, etc., it not only gives a high polish, but its 
reflectivity approaches closely that of silver ; moreover, it is almost as 
white as the latter metal. The plating process is not a difficult one, 
but certain precautions must be taken to ensure sound results. 

Silicon 

Silicon has a specific gravity of 2*3, and is a hard element which 
melts at about 1200" C.* and boils at about 3500' V , although there is 
some doubt as to the exaci temperatures 

Silicon is the common constituent of silica (SiOg), quartz, and glass, 
all of which are noted for their hardnesses. 

Fused silica is used for electrical insulating at high temperatures. 

It has a resistivity of the order of 0*06 ohm-centimetre, and 
this value decreases rapidly at higher temjieratures 

Silica has a dielectric constant of 3*5 to 3*6, and a dielectric strength 
of 600 volts per mil 

The coefficient of lin<‘ar expansion from 0" C to 100 C. is 0*50 X 
10 «, and from 0° C. to 1000" C. 0*54 x 10 ». 

The sj)ecific heat of crystalline silicon at 57" C. is 0*183. 

Quartz is a form of silica, or oxide of silicon (SiOg), and is extremely 
hard , it occurs in colourless transparent crystals of hexagonal and 
prismatic form. Quartz is often used as a high temperature optical 
substance, for the observation wmdows of combustion chambers, for 
sparking plug bodies, and similar purjxises 

Fused silica ware is much used in chemical work, and for the 
leads of high temperature electrical thermometers, the exposed bulbs 
of thermometers, etc. 

Quartz fibres can be drawn to very fine sizes, and these are em- 
ployed for the suspensions of optical and electrical instruments. The 
tensile strength of these fibres is about 10 x 10® dynes per sq. cm. 

Silicon has an appreciable beneficial effect upon the strength of 
iron and steel. 

Silicon is employed in metallurgical processes in the form of ferro- 
silicon, silico-spiegel, ferro-silicon-aluminium, silicon-aluminium, etc. 

Silicon bronzes and silicon-aluminium- copper alloys are noted for 
their high tensile strength, hardness, and non-corrodible properties. 

♦ Kaye and Laby. 

IZ - (r 5S03) n 
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Silver 

Silver has a specific gravity of 10*5 and melting point of 961® C. 

It has the best heat and electrical conductivities of the metals and 
is very ductile and malleable. 

The thermal conductivity at 18° C. is 1*006 C.G.S. units. 

The coefficient of linear expansion is 0*0000188 at 20° C. 

The specific heat is 0*556 at 0° C. and 0*059 at 427° C. 

The specific resistance of 99*9 per cent silver is 1 *63 to 1 *66 microhms 
per cm. cube at 18° C. and 2*13 at 100° C. 

The temperature coefficient of increase in resistan(*e from 0° C. 
to 100° C. is 0*0040. 

Silver has numerous industrial applications, some of uhich have 
been referred to previously in this volume. Thus, it is employed for 
electrical contacts which have to carry heavy currents , it is, however 
usual to alloy the silver with other metals such as c()})p(*r, platiimm 
or palladium in order to increase the hfirdne^ss and corrosion resistance 
for contact purposes. 

In the United States an extensive research on the possible indus- 
trial applications of vsilver and its alloys has been undertaken by the 
Bureau of Standards in conjunction with American silver producers. 
Already, it has been tested out with satisfactory results for such pur- 
poses as the main constituent in aircraft engine bearing metal (used 
in steel-backed bearings) , for electrical machine slip-rings and silver- 
graphite brushes for rotating electrical contacts ; for lead-silver 
solders with 2 to 6 per (*ent silver as an alternative to lead-tin solders, 
as a catalyst in the oxidation of ethyl alcohol , in the form of silver 
salts for fungicides; for lining cans Uvsed for food products and for 
lead -silver battery grids. 

In instances where aluminium sheet or foil has been used for its 
high corrosion resistance or high reflectivity silver plating on various 
metals can be substituted. Silver is also being used as an undercmting 
in place of nickel for chrome-plating purposes. 

Experiments have also been made* to determine the strength of 
extruded tubing from an alloy of 3*5 per cent silver and 96*5 per cent 
tin. A bursting stress of 2500 lb. per sq. in., or almost double that 
of pure tin, was obtained ; this is apparently far in excess of any 
working pressure encountered in distilled- water lines where this 
material is binding commercial use. Tests on threaded joints showed 
that the alloy had a tensile strength 25 per cent greater than joints 
made with pure tin tubing. For certain installations it would seem 


* Automotive Industries, 16th August, 1941. 
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feoi^iblc to use threaded connections in distilled-water lines if the 
tubing were made of the silver-tin alloy. 

Its use for electro-plated goods, silverware, jewellery and, alloyed 
with 7 to 8 per cent of copper, for coinage purposes is well known. 

Tantalum 

Tantalum is a silvery-white heavy metal, which in recent years 
has become of increasing importance in many fields of application. 
In the pure state it can be hammered, drawn, rolled and generally 
(*old- worked ; if heated to redness and hammered repeatedly it becomes 
so hard that a diamond will not scratch its surface. This hardening 
effect occurs also when it is combined with carbon , for this reason a 
small i)ercentage added to certain steels greatly increases their hard- 
nesses. As mentioned in Volume I, tantalum content steels and 
carbide alloys an^ now employee* for several important purposes 

Tantalum has an atomic number of 73 and atomic weight, accord- 
ing to different authorities, of 180*9 to 181*5; the differences are 
probably due to the difficulty experienced in obtaining the pure 
metal. 

The specific gravity is 16*6 so that the metal is a heavy one. 

The melting point is about 2850° C., so that it is appreciably higher 
than that of platinum (1755° (\) and iridium (2290 C.). The boiling 
point is 53(K1 ' (\ 

The electrical n^sistivity at 18 C. is 14 0 microhms per cm. cube 
and the temperature coefficient betwwn 0 C'. and lOff C is 0*0033. 

The coefficient of linear expansion is 0*0000079 per ° V , which is 
rather less than that of platinum, namely, 0*00000954 

The spe(*ific heat is 0*0305 C.G S units 

The tensile strength is given* as 60 tons per sq. in. and Brinell 
hardness 75 to 125 for the pure uuwwked metal 

Tantalum is unaffected by the majority of corrosives, wdth the 
exception of hydrofluoric acid. None of the mineral acids, including 
aqm ngia, has any effect upon it , it is similarly immune to chemical 
action by phosphoric and other organic acids such as tannic, 
oxalic, carbolic and formic. It withstands almost indefinitely the 
corrosive action of sea -water, sulphurous gases and industrial 
atmospheres. 

The high strength of the metal permits its use in thin sheets and 
tubes for chemical purposes even when high pressures are employed • 
its good heat conductivity gives it an advantage over glass and 

* “Tantalum and Niobium,’’ H. Genders, Sands, Clays and Minerals, 
April, 1938. 
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ceramics for many chemical processes. Tubes of 0*015 to 0*020 in. 
thickness will withstand a pressure of 150 lb. ])er sq. in. 

When heated in air above redness it rapidly oxidizes, so that 
annealing and other heating processes must be done in an inert 
atmosphere or in vacuo. 

Tantalum can he welded satisfa(*torily if suitable precautions are 
taken to prevent oxidation. The metal is now weldable by electric 
spot, seam, butt and roller processes in inert atmospheres or under a 
liquid surface ; it cannot, however, be welded by oxy-gas methods. 

Tantalum wheii used in an electrolytic cell in contact with a dis- 
similar metal such as lead allows electric current to flow in one direc- 
tion only; for this reason such a combination is used for small alter- 
nating (‘urrent rectifiers such as thos(' employt'd for radio apparatus. 

Tantalum is also used for ehctrolytic condensers in which the tanta- 
lum elements are made by a powder metallurgy process. These 
elements if punctured by high voltage Income self-healing, the film 
re-forming over the hole. 

Tantalum, on account of its physical properties aTul resistance to 
‘‘dusting,’’ is particularly useful as a material for lamp and radio 
valve filaments, anodes and grids ; it is, bowev(T, more expemsive 
than some of the other alternative metals and allots. 

Tantalum absorbs gases when it is heated; it is able in this w^ay 
to absorb 740 times its own volume of hydroiren, giving a coarse- 
structured brittle material. 

The tantalum carbides are claimed to be supc.io’* in their metal- 
cutting properties to tungsten carbides wh(*n used to “tiji” steel 
tools. 

Tin 

Tin is a white lustrous metal, which is soft and fusible , it possesses 
little strength, and is principally employed in the alloyed form with 
other metals, to which it gives marked beneficial projierties. 

Tin is commercially supplied in two grades, namedy, (^jlrade A, 
assaying not less than 99*75 per cent of pure metal, and (Irade B, 
assaying not less than 99 per cent of pure metal. 

The tensile strength of cast tin varic's from 2500 to 5000 lb. per 
sq. in., the average^ value being about 3500 lb. per sq. in., wdth prac- 
tically no elongation. 

Tin melts at 232® C. and boils at 2270*^ C‘. undcT atmospheric 
pressure. 

It has a coefficient of linear expansion of 21*65 X 10 ®. 

The thermal conductivity of tin at 18® C. is 0*155. 
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The specific heat of tin is 0*0552 between 19° C. and 99° C. 

The electrical resistivity at 18°C. is 11*3 microhins per cm. cube, 
and the temperature coefficient of resistance is 45 X 10"^ between 0° 
and 100° C. 

Compared with silver (100), the electrical and heat conductivities 
are 12*4 and 14*5 respectively. 

The chief impurities m commercial tin are lead, iron, copper and 
arsenic and occasionally sulphur, silver, bismuth and antimony. 

Tin forms an important constituent of commercial non-ferrous 
alloys such as the bronzes, gunmetals, Delta metals, bearing metals, 
whitemetals, solders, pewters, c‘ertain nickel silvers, etc. 

Tin is practically non-corrodible under ordinary atmospheric 
conditions, and it is wid(4y used for coating copper and iron, domestic 
vessels, iron and steel sheets, etc. 

Tungsten 

This is a hard grey metal having a high specific gravity, namely, 
18*7 to 19*1 according to the condition, and a melting point of about 
3000° C. ; this is the liighest melting point of all the elements with the 
exception of carbon (about 3600 C.). 

Tungsten ingots used for working are made from the pow^der 
which is heated to a temperature approaching the melting point and 
subjected to pressure. The metal thus formed is malleable and ductile 
w^ien hot, but brittle when cold. 

The coefficient of linear expansion is 0*0000044 at 27° C. and 
0*0000073 at 2027^ 0. 

The thtTinal conductivity at 18° C. is 0*35 (\G.S. units. 

The specific heat is 0*033 (\G.S. units at 20° C. to lOO"" C. 

The specific* resistance at 25° (\ is 5*0 microhms per cm. cube. 

Tungsten possesses a high tensile strength, the actual value of w^hich 
depends u])on the condition of the metal. In this connection the 
following values given by Z. Jetlries* show the extremely high strengths 
of fine tungsten wires (sec* Table 107, p. 352). 

The drawn tungsten wire can be treated at a higher temperature 
than any other metal without losing the effects of work -hardening. 

Tungsten wire ])roduced by sw'aging and drawing processes is 
ductile, i.e. it can be drawn again in the cold condition, but it is not 
malleable for if hammered it splits into fibres. Unlike other metals 
whic‘h are annealed — or their ductility restored — by heating to cer- 
tain temperatures, tungsten when thus treated becomes brittle when 
it cools down , it can only be rendered ductile again by hot-working 
♦ Kent's MecJutnical Kngtneers' Year Book, 11th Edit. (Wiley). 
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(below the recrystallization temperature). Tungsten oxidizes slowly 
in air at ordinary temperatures until a protective film of oxide forms, 
when further oxidation is inhibited. It is practically immune to attack 
by hot nitric, sulphuric and hydrochloric acids, but is dissolved by 
hydrofluoric acid containing some nitric acid. It is slowly acted upon 
by hot aqua regia and by hydrogen peroxide. 

TABLE 107 

Tensile Strength of Tungsten 


Condition ! 

Dimen- 
sions or 
Diam. m 
Inches 

Tensile 
Strength 
Tons per 
sq. in. 

Condition 

Diain. in 
Inches 

Tensile 
Strength 
Tons per 
sq. in. 

Suitered tung 
sten ingot 

0 2x0 25 1 

! 8 05 

Drawn wire 

0 00550 

168*5 

Swaged rod 

0-2iti 1 

22 3 

Drawn wiio 

0*00396 

215*5 

Swaged rod 

0!25 

47 7 

Drawn wire 

0 00114 

263 0 

Swaged rod 

0 026 

96 0 

Drawn wirt^ 

0 00100 

290 0 

Drawn wire 

0 01 8 

118 () 

Diawn wire 

0 00050 

312*0 


Tungsten itself is used principally in the form of wire for the fila- 
ments of radio valves and incandescent lamps, for the projecting 
element of projection lamps, where it is heated to incandescence by a 
resistance healer unit ; for X-ray targets , for the <* 0 Tdacls of magneto 
and coil-ignition contact heaters; for lips of gr urn 'phone needles of 
the semi-permanent type and for electric furnace lesistors and lamp 
filament supports. 

Tungsten forms an important element in high-speed tool and 
magnet steels, the 18 per cent tungsten steel being a typical instance 
of the former. 

Tungsten carbide is a very widely used metal-cutting material 
employed to tip steel shank tools , it enables much higher machining 
speeds to be used than for alloy tool steels 

Vanadium 

This rare metal is a white lustrous metal which is harder than 
quartz, non-magnetic and with a specific gravity of 5*8 (crystalline) 
and 5*5 (powder) and melting point of 1720° C. It oxidizes slowly in 
air at ordinary temperatures and more rajiidly when heated, forming 
a series of five oxides. 

It is not attacked by hydrochloric or hydrobromic acids, cold 
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sulphuric acid or cold alkalis, but dissolves readily in hot sulphuric 
acid and caustic potash. 

It forms alloys with iron, copper, nickel, cobalt, aluminium, tin, 
platinum and compounds with silicon, phosphorus, nitrogen and 
carbon. 

Vanadium in small amounts, usually of the order of 0*25 per cent, 
in steel improves the toughness and impact or shock resistance of the 
metal. 

It is a scavenger and removes both the oxides and nitrides in molten 
steel baths leaving the metal indirectly toughened. 

Vanadium also improves the mechanical properties of steel castings 
and cast iron; in the latter metal it assists the carbon retention in 
the combined form. 

It is usually employed commercially for steel-making purposes in 
the form of ferro-vanadium ; other forms include cupro- vanadium and 
aluminium - vanadium . 

Zinc 

Zinc is a bluish-white metal which is moderately ductile and 
malleable, but to a much less extent than copper. It is most ductile 
between 100° C. and 150° C , and can be worked to any desired shape, 
but outside these limits it becomes brittle. It has a specific gravity 
of 7*19. 

Commercial zinc is supplied in the sheet form, as “spelter** 
(flat rectangular ingots from 1 to 2 in. thick), or in the granulated 
form. 

The tensile strength of cast zinc varies from 2500 to 3500 lb. per 
sq. in , v\ ith practically no elongation. 

Zinc, after being compressed under a stress of 20 tons per sq. in. 
at 100 ’ C., has a tenacity of about 11 tons per sq. in. 

Zinc melts at 419° C., and readily volatilizes and burns in air with 
bluish-white fumes of zinc oxide. Zinc boils at about 918° C. 

The (coefficient of linear expansion of zinc is about 26 X 10“®. 

The thermal conductivity of zinc is 0*265 at 18° C. 

The sjiecific heat of zinc is 0*092 between 20° C. and 100° C. 

The electrical resistivity at 18° C. is 6*1 microhms per cm. cube, 
and the temperature coeificient of resistance is 37 x 10“^ between 
34° (I and 100° C. Compared with silver (100), the electrical and heat 
conductivities are 29 and 36 respectively. 

Zinc is a useful constituent of non-ferrous alloys such as brasses, 
bearing metals, certain bronzes, high tensile aluminium alloys, German 
silver, whitemetals, die-casting alloys, etc. 
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Zinc is practically incorrodible under ordinary atmospheric condi- 
tions, and is therefore widely used as a protective coating for iron and 
steel, the surfaces being “galvanized*’ or zinc-deposited by various 
processes. 

Zinc is widely used in connection \^ith zinc alloy dte-castings and 
also for sheeUmetal forming dies.* In some instances one of the two 
components of the press unit is of zinc alloy and the other of rubber or 
lead. Such tools are used in the aircraft and other sheet-metal indus- 
tries for limited quantities of pressings in soft metals, e.g. aluminium 
and magnesium alloys. 

Rolled zinc is used commercially for a variety of purposes, prin- 
cipally in the forms of stampings and pressings. The metal not only 
offers a high resistance to atmospheric corrosion, but is easily fabri- 
cated and can be electro -plated satisfactorily with nickel, chromium, 
brass and silver. The fabrication of rolled zinc is similar to that of 
many of the other common metals; the same dies can be employed 
in most instances. It is necessary, however, to observe certain precau- 
tions in drawing operations. 

Rolled zinc is best worked at 70*^ F., or slightly higher ; the working 
qualities fall off rather quickly below this temperature. The upper 
working temperature limit is about IW F. It is advantageous to 
use a lubricant such as soapy water (neutral) for drawing operations. 

The rolled metal is readily soldered with 50/50 lead-tin solder, but 
it should not be overheated as excessive grain growth accompanied 
by loss in strength would occur. A stronger soldi if for zinc contains 
55 per cent of lead, 30 per cent tin and 15 per cent cadmium. Acidu- 
lated zinc chloride is used as a flux. 

Apart from electro-plating, rolled zinc can be buffed to a high 
polish and treated with plain or coloured lacquers and enamels. 

When metals, other than nickel, are to be plated it is advisable to 
use nickel as a base or primary coaling. 

Rolled zinc pressings include radiator caps, instrument cases, 
instrument dials (plain and perforated), domestic (‘asings, decorative 
panels, automobile pressings for decorative or utility yiurposes, em- 
bossed sheet metal articles, clock cases, etc. In most instances these 
parts are electro-plated or enamelled. 

Zinc alloy wire containing up to 10 jKjr cent aluminium with 
about 0*4 per cent copper has been used in Germany as a substitute for 
aluminium and copper for electrical conductors. The rolled wire, of 
0-07 in. (1-80 mm.), has a tensile strength (10 per cent Al) of 27 to 30 

♦ An account of these dies is given in Sheet Metal Industries. Juni^ and July, 
1941. 
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kg. per sq. mm. (17-2 to 19 tons per sq. in.) with 45 to 30 per cent 
elongation. 

The Oahmnizing Process. Iron, steel and other metal parts can be 
given a coating of zinc by the process of dipping them into a bath of 
molten zinc. This leaves the articles with a deposit of zinc (or zinc- 
lead in some instances) which affords a protection against atmospheric 
corrosion influences. The articles to be coated are first cleaned 
thoroughly by sand-blasting, or pickling in a 5 to 10 per cent hydro- 
chloric acid bath and then washing in clean water and drjdng. 

Before dipping in the molten zinc the paiits are treated with sal- 
ammoniac for fluxing purposes. After dipping in the molten zinc bath, 
which is maintamed at about 450° C., the articles are withdrawn, 
allowed to diain or are shaken in order to remove any surplus zinc; 
alternatively, they may be brushed over with a tow mop or brush. 

Objects such as rods, wires, strips or plates may be drawn through 
the bath, and wiped mechanically with asbestos wipers as they leave 
the bath. It is often considered advantageous to add a zinc-aluminium 
alloy consisting of about 20 per cent of aluminium to the molten zinc 
in order to give better fluidity. The frosted appearance of galvanized 
articles, such as si eel sheets, is obtained by adding tin to the zinc. 

The deposit obtained commer(*ially varies from two to five- 
thousandths of an inch, equivalent to from 1 J oz. to a little over 3 oz. 
of metal per square foot. The a(*tual thickness of deposit obtained 
depends, however, on the temperature, time and mechanical cleaning 
factors , and to a lesser extent upon the purity of the zinc bath. 

In this re.s])ect the electrolytic method has the advantage of giving 
a uniform coating of pure zinc, as against a non-uniform coating of 
impure zinc obtained in many cases. 

Anotlier advantage of the electrolytic method lies in the fact that 
it is unnecessary to heat the steel or iron objects, ex(*ept in rare 
instances, so that the mechanical proyierties of the base metal are not 
advcrs(»ly affected as they may bo if heated to 450° C. In this respect, 
obj(H‘ts such as steel springs (‘aimot satisfactorily be zinc-coated by 
the hot dipyiing process. The nature of the coating obtained by the 
latter process is quite different from the electrol5i:ic layer, which 
consists of practically pure zinc. 

The metal in the galvanizing bath, owing to its great solvent 
powers, is seldom purer than about 98 per cent, the impurities con- 
sisting usually of lead and iron. 

The results of investigations carried out by Bablik indicate that 
even with pure zinc baths there is not a pure zinc layer on the iron or 
steel articles. Microphotographs reveal the fact that commencing 
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with the iron base there is (1) a high iron solid solution layer; (2) a 
layer consisting of FeZng and solid solution ; and (3) the outer and 
thicker coating consisting of zinc with small amounts of iron-zinc 
alloy. 

In the case of electrolytically deposited zinc there is a thin iron-zinc 
phase layer next the iron, and then the pure zinc layer. 

Sherardizing, This zinc coating process consists in first cleaning 
thoroughly the iron or steel articles by a pickling and neutralizing 
method as for hot galvanizing, and then placing them in intimate 
contact with zinc dust (usually with the addition of zinc oxide and 
powdered charcoal). The articles are heated with the ingredients 
mentioned in a metal container that can be rotated during the 
process. 

The condensed zinc gradually percolates into the ferrous article, 
the degree of penetration depending upon the temperature of the drum 
container and the duration of the process. 

The temperature ma> vary from 300° (\ to 450° C., whilst the period 
of heating ranges from 2 to 4 hours. At the end of the heat -treatment 
the articles are allowed to cool gradually in the container, arid are then 
separated from the zinc dust 

Sherardized articles have a dull-grey apjiearance due to the coating 
of zinc, the thickness of the coating being of the order of a few 
thousandths of an inch. ’ 

The structure of the zinc dejxisit obtained is different from that 
with the electrolytic or dipping methods, and with the employment 
of pure zinc dust the surfa(*e layers are of })ur(^ zinc. Moreover, there 
is apparently no definite interruption in the iron content of the various 
layers, this content iiuTeasing uniformly as the base-iron is reached. 

In order to prevent caking and to reduce the amount of zin(‘ oxide 
necessary, a quantity of sand is sometimes added to the zinc dust; 
this also results in a brighter finish being obtained on the final coating. 

Objects up to 15 ft in length by 1 ft. square section can be Sherar- 
dized and complicated surtac^es given a uniform coating of zinc. The 
method has been widely used for steel window casements, springs, 
aircraft fittings, scaffolding fittings, bolts, nuts, chains and small 
castings of complex design. It is also employed as the base for many 
decorative finishes in architectural iron work. 

Zinc can also be sprayed on to metal and non-metallic surfaces by 
the Schoop process, c^mploying a pistol for feeding the zinc wire or 
powder. The latter is melted by an oxy-gas flame and the molten 
metal is sprayed on to the work by compressed air. In this instance 
the bond between the sprayed zinc coating and the metal is purely 
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mechanical, there being no intermediate alloy layer. The coating is 
continuous and firmly locked to the base surface. The advantage of 
this method is that it can be applied to all kinds of fabricated steel work 
so that weld, riveted and other joints can be thoroughly protected. 
The minimum thickness of coating is 0 002 in., but coatings up to 
0*01 in. are frequently employed. 

Zirconiom 

Zirconium is a silvery-white metal which at ordinary temperatures 
resists to a high degree atmospheric corrosive action. It has a specific 
gravity of 4* 15 and a molting point of about 2300° C. 

The electrical resistivity is about 170 microhms per cm. cube at 
normal air temperatures. 

It has a greater affinity for oxygen than silicon at high tempera- 
tures and gives a greatly increased recovery of silicon in finished 
steel for this reason ; it is also effective in removing the final traces of 
oxygen and nitrogen from the steel. 

Zirconium has been used in small perc‘entages, viz. of about 0*35, 
in association with 3 per cent of nickel in making steel for armour 
plate on the C^ontinent, and it is now sometimes used in the production 
of extremely tough and resistant steels Such steels have been utilized 
for the making of high-sjxjed tools and for similar purposes. 
“Cooperite” is an alloy of zirconium and nickel. This is a high-speed 
steel of high cutting efficiency, and it is claimed that its resistance to 
corrosive influences is also very high. 

Another interesting technical alloy is one of zirconium and alu- 
minium which is stated to be an almost entirely non -corrodible metal 
and one, also, which is extremely resistant to oxidation at high 
temperatures. 

This zirconium-aluminium alloy possesses the interesting pro- 
j)erty of “selective radiation.’" In virtue of this property, electric 
lamp filaments drawn from the alloy emit a greater amount of light 
when heated by the electric current than the amount of light 
theoretically corresponding to the temperalure of the filaments. Thus 
the zirconium -aluminium alloy acts most efficiently as a converter 
of heat Energy into light. Such a property has many future technical 
and commercial possibilities. 

The strong affinity of heated zirconium for nitrogen has been 
utilized in the production of the solid compound zirconium nitride, 
which when treated with water gives rise to ammonia — a fact of 
interest and utility in connection with nitrogen fixation from the 
atmosphere. 
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Abrasives 

Abrasives of various kinds are widely used for engineering and 
incnistrial purposes. These are all characterized by the fact that they 
belong to the hardest materials known and are usually employed in 
powdered form as grinding pastes with oil; with suitable bonding 
materials; in grinding wheels; abrasive papers or cloths and abrasive 
slips and stones. The more wddely used abrasives are the natural ones, 
including .diamond, emery, corundum, flint, garnet, quartz, tripoli, 
sand, pumice, etc. In addition there is a group of artificial abrasives 
including silicon carbide, aluminium oxide, tungsten carbide, etc. 

The natural abrasives used for grinding wheels, stones, abrasive 
cloths and papers are crushed to powder form, the fine sharp particles 
being graded according to their screen or size for different applications. 

Artificial abrasive wheels contain a more uniform size and grade 
of abrasive, and are generally preferred to natural abrasive wheels. 

The two principal methods of making artificial abrasive wheels 
are (1) the vitrified and (2) the silicate ones 

In the former method the dry abrasive mixture is placed in metal 
moulds and vitrified under intense heat. 

The silicate method uses silicate of soda as a binder, the material 
then being run into moulds and subjected to heat in a suitable oven. 
More recently 'phenolic resins have been used in many (‘ases instead 
of the silicate of soda, and the abrasive mixture mouldc‘d under heat 
and pressure as in the plastic moulding process. The abrasive w^ieels 
thus made are much strongei than the silicate ones, but arc not so 
strong as the vitrified wheels. 

Other binding materials for lighter purposes are sheila^' and vvlc/in- 
ized rubber, the latter being much stronger than the former. 

In addition to the manufactured abrasive wheels and stones, 
natural stones, consisting of sand grains cenuuited with a natural 
binding material, are employed for sharpening edge Jools, but they 
are inferior in their grinding performance to artificial wheels, since 
they are usually softer, run at much lower speeds and must be used 
‘‘wet.’* 

The “sand” particles in these stones consist of quartz mixed 
with lime, mica and felsi)ar; the uniting material often contains 
lime. 

The hardness of minerals is usually expressed on the Moh scale, 
which shows the relative hardnesses of ten selected miruTals so 
arranged that each of these will scratch those of lower number on the 
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scale, but will not be scratched by them. The following are the orders 
of hardness of the selected minerals on the Moh scale — 


TABLE 108 

Moh’s Scale of Habdness 


Material 

l| Material 

Hardness 1 1 

Order of 
Hardness 

Talc .... 

1 

Orthoclase 

6 

Gypsum 

2 

Quartz 

7 

Calcite 

3 

Topaz 

8 

Fluorspar 

4 

rorundum 

9 

Apatite 

5 

Diamond . 

10 


It will be observed that this method gives the relative hardnesses 
as determined by the scratch method. 

The following are some values of hardnesses of typical abrasive 
materials expressed on the Moh scale — 


Diamond ...... lO’O 

Tungsten carbide ..... 9*7-9*9 

l^oron car>)ide •. . . . . 9*7 

Silicon carbide . . . . .9*5 

Aluminium oxide (corundum) . . . 9‘() 

Agate . . .... 7-0 

Flint .... 7*0 

Vitreous pure silica . . 6*5 

Abrasive garnet . . . 6-0-7-5 

Felspar ... . . 60 


Aluminimn oxide is an artificial corundum made by fusing bauxite 
in an electric arc furnace. It has the chemical formula AI 2 O 3 , and forms 
colourless crystals which are used as an abrasive. The specific gravity 
is 3*7 and melting point about 2050^ C. It is obtainable in various 
grades and the crystals are very small but extremely hard and sharp. 
The larger abrasive grain sizes are made up of many crystals. The 
aluminium oxide abrasives are usually employed for grinding hard, 
tough and strong metals including steel castings, and for cylindrical 
grinding on all but the hardest steels. 

Typical abrasives of this class include the commercial ones known 
as Alundum and Aloxite. 

Silicon carbide is made in the resistanc*e electric furnace by fusing 
together sand and coke with sawdust, using salt as a flux. It has the 
chemical formula SiC and its specific gravity is 3*1 to 3*2. The melting 
point is about 2200” C. The electric furnace product consists of large 
crystals which are broken down by crushing to obtain the smaller 
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ones used for abrasive purposes. The powdered material is used as a 
powder abrasive, for coating paper and making grinding wheels, 
hones and abrasive slips and stones. In general silicon carbide abra- 
sives are not so tough as aluminium oxide ones, but are harder and 
therefore used for grinding the hardest metals, including certain 
cemented carbide products. Silicon carbide abrasives are known 
under various commercial names, o.g. Carborundum, Crystolite, 
Crystolon, Carborite, etc. 

Oarnet is the name used to distinguish a group of minerals of a 
crystalline nature possessing both toughness and hardness. These 
differ appreciably in their hardness, methods of fracture and colour; 
the clearer and more uniform crystals are employed for jewellery pur- 
poses. The abrasive garnets of industry are employed princij)ally for 
coating cloth and pa 2 )er, the latter form being preferred to quartz 
and sand-paper in the woodworking industry. The best abrasive 
garnets are the deep-red crystals known as Almandite, with a hardness 
of 7*5 (Moh). In instances wliere a harder abrasive cloth or paper is 
required the artificial aluminium oxide is used. 

Sand, There are several kinds of sand used in industry, including 
the abrasive ones consisting of crushed quartz and flint, and the hard 
siliceous kinds em 2 )]oyed in making glass and }>orcelain. 

Sand-paper, for woodworking purposes, consists of graded quartz 
and flint crystals bonded to a tough flexible paper with a strong 
animal glue. 

Tripoli is a fine granular white siliceous material obtained by 
crushing tripolite. When finely ground it is used as a jiaint filler; 
also as a rubber filler. The grade known as “Once Ground” (O.G.) 
is used for buffing and jjolishing metals and glass. The “Double 
Ground” (D.G.) grade is employed for finer polishing and also for 
foundry parting. For buffing purposes tripoli is usually sold in stick or 
briquette bonded form. 

Emery is a hard natural form of alumina (aluminium oxide) 
coloured with oxides of iron and manganese. It is crushed into fine 
crystals of various sizes w^hich are graded for different abrasive ])ur- 
poses, chiefly for grinding powders and emery papers and cloths. It is 
not, as a rule, so pure or uniform as the artificial aluminium oxide and 
silicon carbide products. 

The numbers usually employed to designate the sizes of grains of 
emery, corundum and 2 )roprietary abrasives range from 10 for the 
coarsest to 200 for the finer grades, these numbers indicating the 
number of meshes per linear inch through whi(;h the abrasives will 
just pass. For finer grades than 200 the term “ flour is employed. 
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and the degree of fineness is indicated by letters such as 0, 00, 000; 
in another system the letters CF, F, FF, FFF, etc., indicate progressive 
degrees of fineness. 

Asbestos 

Asbestos is a mineral fibre composed of hydrous silicate of mag- 
nesia with a small amount of iron oxide and alumine^. It occurs 
naturally in chrysotile, tremolite, amosite, crocidolite, etc. 

Asbestos of the harsh fibre variety contains less water than the 
soft fibre kind, and if the latter be heated to a temperature that will 
drive off some of the water, there results a substance which is so brittle 
that it crumbles between the fingers. 

Asbestos melts at a temjierature of from 1200° C. to 1550° C., 
according to the source from which it is taken. It is an excellent heat 
insulator, and is widely employed in the form for insulating furnaces, 
steam and exhaust pi]:)ea, boilers, etc. It is often combined with mag- 
nesium carbonate, hair, or with wool felt, and used for lagging steam 
pipes, an outer casing being employed for holding it in position. 

Asbestos, w'hen powdered or in the form of fibres, is sometimes 
kneaded into a dough with water and used for stopping up holes and 
cracks in small miitties, furnaces, bearing metal, shells, etc. 

It is also frequently employed for making moulded shapes to 
withstand high temperatures: one well-known commercial form of 
this material (known as “Everite”*) is supplied as corrugated 
sheets varying in size from 4 to 10 ft. long, by 30 in. wide, of | in. 
thickness, and with corrugations of Sin. pitch, the weight being 21b. 
per sq. ft. This, together with similar asbestos cement roofing and 
building materials, is fire-proof, non-conductive, acid and weather- 
proof. 

The sj)ecific gravity of asbestos is about 3*1, a cubic foot weighing 
193 lb. 

The specific electrical resistance is of the order of 16 X 10^ ohms- 
centimetres, and in the composite forms, such as moulded asbestos and 
asbestos wood, it is much used for electrical insulators. 

Asbestos is supplied commercially in the form of twine, rope, wool 
or flake, thin paper, mill-board, jointings and moulded shapes, etc. 
It is used with a thin copper shell for internal combustion engine 
exhaust pipe and silencer gaskets and sparking plug washers. 

More recently fire-proof suits of asbestos cloth have been used 
successfully for men engaged in fighting fierce fires. The Bell heavy 
suit consists of tw^o layers of asbestos cloth, the outer layer being 
* The Briti8h Evente Works Ltd. 
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of hard wearing texture. Between the two layers the suit is padded 
with flexible asbestos material. The feet of the wearer are encased 
in boots completely covered with asbestos. The detachable helmet 
has a double mica window' with an air spa(*e betweim; the crown of 
the helmet is crashproof. The suit, which w^'ighs about 50 lb., can be 
put on in 40 sec., and a person thus clothed can enter the fiercest fire 
with safety, remaining in it for about 2 min. 

Celluloid or Xylonite 

This material is composed essentially of pyrolin (soluble gun- 
cotton) and camphor (oil). Xylonite is a j>roprietary grade of 
celluloid. 

It can be produced in a variety of forms and colours, and is much 
used for fancy goods, imitation tortoise-shell, toys, and cheap, light 
moulded articles. 

Celluloid is very slightly hygroscopic, and can be moulded into any 
form by softening in boiling w'ater. 

Celluloid is also used for covering metal steering wheels, bicycle 
handles, grips and levers, in order to render them heat-proof and 
permanently clean. 

Celluloid is very inflammable, and (|ui(*kly ignites : for this reason 
much attention has been given to the (piestion of rendering it fire- 
proof by mixing it with other ingredients, siudi as ferric perchloride 
in alcohol solution, bromide of camyjhor, and castor oil, (‘t(‘. 

The specific gravity of xylonite is about 1*35, and the ele(‘trical 
resistivity from 2 y 10^® to 30 X 10*® ohms-c'entimetres. 

The surface resistivity, i.e. the resi.stance per unit length of a strip 
of unit width, of xylonite varies with the humidity of the atmosphere. 
For a relative humidity of 50 per cent, the surface^ resistivity is about 
three times the volume resistivity value previously given. For 85 
per cent humidity its value is 0*2 x volume resistivity. 

The refractive index of xylonite is about 1*5; this is higher than 
for w^ater but less than that of glass. 

Xylonite is, relatively sj)eaking, quite (dastic at normal tempera- 
tures, but as it is heated the elasticity falls off until at 70” C. to ICX)^ C. 
the material becomes quite plastic. 

In common with certain other organic tnaterials its elastic limit 
and tensile strength are influenced by the rate of loading. Thus it 
may undergo plastic deformation with the application of a small 
force applied for a long period, but for rapid loading it shows a com- 
paratively high elastic limit. For these reasons the values often given 
for this class of material show considerable variations. 
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Typical samples in ordinary tensile testing machines show tensile 
strengths ranging from 3000 to 8000 lb. |)ct sq. in., and elastic limits 
of 1600 to 200() lb. per sq. in. 

The coefficient of linear expansion of xylonite is approximately 
0‘0002 per deg. C. 

Xylonite is practically non-hygroscojhc and completely resistant 
to neutral solutions of mineral salts. It is unaffected by weak acids; 
for this reason it has been used for acciimiilator cases The ooncen 
trated acids, however, definite^ atta(*k the material. 

Celluloid is soluble in amyl-acetate and acetone, and this liquid is 
often employed for cementing celluloid, accumulator repairs and 
similar purposes ; solutions of (*elhiloid in amyl-acetate are sometimes 
used for C(jvering bright steel and other metal surfiices for protection 
purposes. Celluloid has more recently to some extent been replaced 
by the almost non-inflammable cellulose slu^eting. 

CoTk 

(Jork is derived from the bark of certain trees, such as the cork 
oak (quircus cuber)^ and is a light -(‘oloured, porous substance of very 
low density. 

Its specific gravity is about 0*24, and a cubic foot of cork weighs 
about 15 lb. 

There is only one othcT commercial uood of lighter density, namely, 
balsa j which weighs only 7 lb. per cub. ft. 

The stru(‘ture of cork consists of an aggregation of minute air- 
vessels, provided with thin, strong A\atertigli( walls, so that if the 
material is compressed it behaves inon* like a gas than an elastic 
solid; unlike the behaviour of a spring, which exerts a pressure pro- 
portionate to the linear amount of compression, cork, when compressed, 
exerts a pressure which increases in a more rapid maimer and varies, 
approximately, inversely as the volume. 

The effect of the permeability of the cork to air, however, causes 
a gradual, but only partial, loss of compression elasticity under pro- 
longed loads. The volume of the air-cells in cork constitutes about 
50 per cent of the wliole bulk; if steeped in hot water, the volume of 
cork is increased from two to three times. This effect is made use of 
in connection with the bottling of liquids, the corks being treated in 
this w^ay before being forced into the ne(‘ks of the bottles. 

The elasticity of cork is, to a certain extent, permanent ; thus, the 
corks of bottles of from 10 to 20 years of age invariably expand when 
withdrawn. 

When compressed, there is a certain amount of permanent set, 
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due to the escape of part of the air vessel contents, but when the 
load is released a very slow recovery occurs. 

Cork is used for stoppers of all kinds, for heat insulation purposes 
(refrigerators, oxygen bottles, etc.), sound-proof linings to rooms, 
floats, washers for the caps of vessels and tanks, vibration insulators, 
life-belts and life-buoys, etc. 

Cork in Engineering Work, Cork has many industrial uses, more 
particularly in engineering and building constructions. Apart from 
its use as a sound absorbing medium to obviate the effects of echo and 
sound conduction in buildings, as an ingredient of tiles and cork lino, 
it has an important application in connection with the elimination of 
vibration in machinery. It is now being widely used in slab form to 
insulate machines, ranging from small fans to large engines and 
dynamos, against the transmission of noise. Another important 
aj)plication of this material in automobile engineering is in connection 
with plate clutches. For this purpose cylindrical inserts of cork are 
arranged in one or more dis(*b forming the rotating rnembcTs , these 
bear against steel plates affixed to the other member forming the 
clutch unit. On account of their high coefficient of fric^tion, sweet 
running action, and long wearing properties, (‘ork-lined clutches have 
been found to give extremely long service under exacting conditions. 
Cork in the form of compressed impregnated particles, i.c. cork dust, 
is now used for washers or packing pieces, for crankcases and cylinder 
cover joints, for headlamp covers and petrol joints. On account 
of its elastic, or “giving,’' and oil, |)etrol, and water resisting 
properties, this material apjiears to be moat suitable for such 
purposes. 

Diamond 

Diamond, the purest form of crystallized carbon, is the hardest of 
knowTi materials, having a hardness of 10 on the Moh scale, and is 
able to scratch all other materials. It also possesses the lowest com- 
pressibility of all materials. The specific gravity is 3*5. 

The diamonds used industrially, as distinct from those employed 
for jewellery, are of the black or coloured variety, known as “boarts,” 
“ballas’’ and “carbonate.” These diamonds when set in suitable 
steel holders are used for glass-cutting; the turning of abrasive 
materials which are known to wear down ordinary high-speed tool 
steels and even the tungsten carbide ones ; for wire-drawing dies, 
rock drills, abrasive discs for grinding tungsten carbide tools, etc. 
Among the metals and materials upon which the diamond turning 
tool will give considerably longer service than any other tool are brass, 
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bronze, copper, whitemetals, aluminium, fibre, Bakelite, porcelain, 
hard rubber and numerous other moulded plastic materials. 

Diamond tools, on account of their relative brittleness, cannot be 
used satisfactorily for machining steels or cast irons, since when sub- 
jected to heavy tool pressure the diamond is apt to crack or splinter. 
Aluminium alloy pistons are usually turned with diamond tools. As an 
instance of the durability of such tools it may be mentioned that a 
tool used on an Ex-Cell-0 boring machine, with a diamond weighing 
about half a carat, bored more than 200,000 pistons before it had to 



Fw 152 Three Typical Shapes of Diamond Titrnino 
Tools 

be reset ; the total length of chips removed was 9000 miles. In this 
operation the dimensions were held to an accuracy of 0*00015 in. 

Fig. 152 illustrates three typical diamond-tipped tools used for 
turning aluminium alloy pistons. The first and second tools are very 
similar, although the former has seven cutting facets and the latter 
three. The tool on the extreme right is similar in shape to a round- 
nosed steel turning tool. 

These tools are used on pistons which are rough-turned by ordinary 
steel tools to within about 0*005 in. ot finished dimensions. They are 
then finished with the diamond tool at a cutting speed of 200 ft. per 
min. and a feed of 120 per in. An extremely smooth finish is obtained 
in this way. 

The diamond is held in the tool end by a number of different methods. 
A common one is to drill a hole in the end of the steel holder and to 
peen over the edges so as to hold the diamond. In another instance 
th(* end of the tool holder is drilled and then slit into quarters, the 
prongs thus formed being pressed down on to the diamond; the 
spaces between the diamond and the tool end are then filled in with 
solder or brazing metal so as to afford a rigid setting. 

Fig. 163* illustrates a number of typical diamond tool shapes for 
different machining purposes. 


♦ The Machinist, 
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The normal face anp^le a (Fig. 154) is usually made 10®, ^ being 
about 2\ On very hard materials may be increased to 5"" for turning 
tools. P^or boring tools fi may be from 5^ to 8' dependent upon the 
size of hole to bo bored. 





Kj(.. 1 “ilt. I)i\M()M> M\(HIM\c. Tools 

.1 — sp(‘( lal Lum I uLiis tool li iioinnl turninjz tool ( ( onihiUMl ttirniriK 

and f K inn tool luniiul l»oinin tool / (oiiiLiih U borinn and t King tool 


P'or comsp furninq pio posts the anirk' is made larger and for 
finishing ])urj)oses it is smaller by tilting the fool .iround, for a high 
degree of finish or ])ohsh this single is jirattieallx zero, and the tool 
set above centre st) that the elearaiu*e face of tht* angle (i portion is 

praeticall> tangential to the work. 
A still higher degree of polish is 
obtained In rotating the tool so 
that its cutting edge is higher than 
the trailing edge, this angle may 
be as high as 45^ for soft metals. 

Diamond tools require v(‘ry 
rigid anchorage since tlu^y will not 
operate efficiently und(T vibration 
conditions, although the diamond 
will cut (piite Avell at relatively high 
machining temperatures ; provision 
shoukl, however, be made for con- 
ducting the frictional heat away. In this connection both air- and 
water-(‘()oled tool hold(Ts are now^ employed for s])eeial operations. 

In regard to rnachhuncj spuds, for normal purposes, speeds up to 
about 1000 ft. ])er min. are emplovable with feeds of 0 001 to 0*003 in. 
per revolution, with a depth of cut of 0*015 to 0*025 in. for roughing 
cuts and 0*004 to 0*010 in. for finishing. The speed selected depends 
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somewhat upon the nature of the material to be cut, although for 
metals ranging from the soft whitemetals to phosphor bronze practic- 
ally the same speeds and feeds are used. It is possible to bore holes 
with diamond tools to within 0*0001 in. with excellent surface finish. 

Another common apj)lication of diamond tools is for turning long 
cylinders of hard or abrasive materials such as hard rubber and 3301- 
tlietie resin ; wdth alloy tool-steels the cutting edges would becpme 
blunter and a tapered effect obtained under similar conditions. The 
hard rubber rolls of typewriters are diamond turned in this manner. 

Diamond dies for wire drawing are now widely employed. For this 
purpose the rough diamond is set into a brass die holder and held, 
temporarily, in place with shellac, whilst a conical centre for the 
drawing hole is being cut. The diamond is then brazed in the die 
holder. The surfiice of the brass Lukler is ground to smooth off 
the brazing so that the die will present a flat surface from which it 
may be located on the surface plate of a lathe wliile the drawing hole 
is being made. The die is then centred and held on the lathe face plate 
with shellac. The tool used to produce th(‘ hole in the die is an ordinary 
sewing machine needle : tliis is chucked in the end of the lathe tool 
holder and su])f)orted in the tail stock. The needle is charged 
with a thin ])aste made of diamond dust and oil. The diamond is 
rotated in the lathe and a reciprocating motion given to the needle 
so as to move it in and out of the hole being ‘‘ground'’ in the die. 

The final hole thus made is enlarged at both ends to a slight curve 
for leading in the wire to be drawn down. 

The wire is passed through from the large end of this hole. In this 
way it is ])ossiblo to draw' the wire down to within 0*0001 in. of the 
required siz(*. Many tons of wire can be drawn through a die before 
aii}^ a])preciable increase in diameter is noted. 

Diamond dust is used to impregnate wheels employed for grinding 
tungsten carbide and similar cutting tools. It is also used in i)aste 
form with oil to charge the ends of copper and brass rods or tubes for 
drilling glass. 

Felt 

Felt is a material composed of wool, or wool and cotton, in a more 
or less compressed condition, tlie former being" known as the “all- 
wool,” and the latter as the “cotton-mixed” felt. The qualit,y of the 
felt depends u])on the ingredients, and the purpose for which it is 
required. 

There is a number of grades of wool used in felts, which may be 
roughly classified as follows. 
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(1) Fine Wool, such as Virginia stock, long or short fibre, straight 
and kinky. 

(2) Coarse Wool, such as Virginia stock, long or short, but 
usually straight and with little kink in it. 

(3) Wool Shoddies, from old scrap wool felt or various wool 
fabrics ; these have less length of staple or fibre than Virginia stock, 
and are used in the cheaper grades of felt, more particularly in cotton 
mixed felts. 

For hard felt, it is necessary to use practically all wool, as cotton 
cannot be hardened in the felting or fulling process. 

When cotton is used with wool shoddies, it is necessary to use glue 
sizing in order to make the felt hard, but glue-sized felts are not, in 
general, very satisfactory. 

There is a variety of different felts upon the market, and the 
quality of these varies considerably, so that it becomes necessary to 
devise certain standard characteristics, such as the composition, 
density and hardness, for felts for special purposes. 

It is possible to employ a hardness testing instrument of the 
scleroscope type, using a special scale, in order to determine the 
hardness of felt ; the hardness property affords an accurate and con- 
venient means for estimating the quality. It is also necessary to 
specify the percentage of wool and cotton, and to limit the amount 
of foreign matter, such as dirt or grit. 

In some respects, felt, in its cushioning eff*e(‘ts. resonbles cork in 
the action of the imprisoned air and elastic fibres. 

Felt is used in engineering work to eliminate noise and vibration, 
and for heat-resisting coverings ; it is also used in the form of pads and 
wicks for lubricating purposes. 

Felt w^ashers and packings are widely used in automobile work 
for preventing oil leakage from engine bearings, gear-box and differen- 
tial housings, etc. 

In aeronautical work, felt has been used for packings and vibration- 
less fittings, such as for insulating instruments and instrument boards 
from the vibration of the engine, for lining metal (damping bands for 
the fuel tanks, lockers, camera boxes, and similar noise and vibration 
eliminating purposes. 

A more re(‘ent application, of interest during the 1939 War on 
account of rubber conservation needs, is that of parts made of felt 
surrounded by an outer casing, or “corral,” of rubber. The product, 
known as Rdt, is from 30 to 70 times lighter than rubber, and possesses 
a wider possible variation of resilience than can be obtained from the 
usual rubber mouldings. Numerous shapes can be made in Kelt. 



MISCELLANEOUS METALS AND MATERIALS 


369 


Ferodo*^ 

Ferodo is the name given to a group of materials having high 
frictional qualities, and which are used for brake-linings, friction 
clutches, discs and similar purposes. 

Ferodo is normally supplied in two principal forms, namely, the 
cot ton -bonded and the brass- wire woven asbestos varieties. 

The cotton-bonded type is made of compressed cotton fibre im- 
pregnated with a special fluid, and it gives a higher coefficient of fric- 
tion than the asbestos variety, but does not withstand such high 
temperatures. 

The asbestos type consists of impregnated compressed asbestos, 
with numerous fine brass wires running through it. The object of the 
wires is to hold tlu‘ material together and to conduct away the heat 
g(*nerated by the friction. 

These materials possess high coefficients of friction and retain a 
fairly high value over considerable ranges of pressure, temperature 
and speed. Certain grades are also only slightly affected, in frictional 
properties, by water and oil. 

The asbestos variety will withstand high temperatures, which 
would rapidly char leather, without much diminution in the friction 
coefficient. 

The value of the coefficient depends a little upon the pressure, 
tem|ierature and sj)eed, and for the bonded asbestos type varies from 
0*25 to 0*35, when in contact with cast iron or steel. 

Temperatures as high as 200° C., pressures of 1001b. per sq. in., 
and rubbing velocities of 6000 ft. per min., can be employed with this 
material ; the coefficient of friction does not differ appreciably from 
the value of 0*30 under these conditions. 

The value of the coefficient for the cotton fibre varies from 0*4 
to 0-65 ; for pressures of 50 to 80 lb. pt'r sq. in., temperatures of 100° C. 
and rubbing velocities of 2000 ft. per rain., the value is 0*42 to 0*46. 

The coefficient of friction is higher for the cotton fibre type, and 
its value increases with the temperature up to the charring point at 
150° C. to 180° C. 

For low pressures (10 to 201b. per sq. in.) and ordinary tempera- 
tures, the value of the coefficient varies from 0-2 to 0*3. 

The effect of lubrication (mineral oil) is to low^r the value of the 
coefficient to 0*05 to 0-2 in the case of the asbestos variety and to 0*2 
to 0*3 in the case of the cotton type. 

The cotton variety shows an extremely lowr rate of wear and many 


Maiiufacturocl by the Herbert Frood Co. Ltd, 
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motor bus brakes lined M’ith this material have run for 20,000 miles 
without appreciable wear. 

The amount of energy absorbed by a good brake lining varies from 
100,000 to 120,000 ft. -lb. per sq. in. per min., for pressures varying 
from 50 to 80 lb. per sq. in., and coefficient of from 0-3 to 0*5 (in the 
dry state). 

These materials are much used for lining the brakes of automobiles 
and motor cy(‘les, v^inding engines, cranes and similar purposes, for 
tlie clutches of cars, and for friction drives of all kinds, etc. 

Fibre 

Vulcanized or red fibre is a hard, dense material composed of j)aper 
or cellulose made from cotton rag stock, together with zinc chloride 
and colouring matter, either aniline dyes or pigments. 

The material is made in the form of a number of paper-like laminae, 
pressed together in the wet state under very great pressure, follow'(*d 
by slow drying, which is accom])anied by a contraction in volume. 

There are two ])rime operations in the making of vulcanized fibre. 
One is the manufacture of a thin'unsized cotton paper and the other 
is the conversion of this paper into the finished ])roduct. 

The pa})er is made from cotton rags that normally come to the 
fibre manufacturer from all parts of the world, princi])cilly Europe. 
The stock passes tlirough se\eral foreign material extraction processes 
before being made into thin absorbent ])aper on a Fourdrinier ])ap(T- 
making machine. 

In the second general ])hase of manufacture, that is, the conver- 
sion of pa])er into vulcanized fibre, tlie paper is ])assed through a 
solvent that hydrolizes or par(*hnientizes a ecTtain ]jercentage of the 
individual fibres. The action of the solvent reduces these fibres to a 
gelatinous mass. The ])aper is theii wound on a drum about 5 ft. in 
diameter, layers of the solvent -saturated j)aper bedng superim])osed 
upon each other until the proper thickness is reached. The solvent, 
having performed its .function, is then removed. When the sheet is 
finally “pure” or free from solvent, it is j)laced in a kiln and dried. As 
the water is driv(*n off, the sheet shrinks to a hard, dense mass. At this 
point the fibre is just as hard and dense as it w ill ever be, but the sheet is 
wrinkled and distorted in much the same manner as k'ather becomes 
wrinkled when it is wet and dried. To straighten the sheets, they are 
placed under heated hydraulic presses and come out fiat and smooth. 

Vulcanized fibre tubes are made by winding the saturated paper 
on mandrels, then removing the solvent in the same manner as that 
described for sheets The wet ^ubes are dri(Kl on rolling mandrels, 



MISCBLLANBOTJS METALS AND MATERIALS 


371 


after which they are passed through rolling mills and brought to size. 
Rods are made by sawing sheets into square bars and turning these 
into round rods on special rod turning machines. 

Properties of Fibre. Fibre is much used as an electrical insulating 
material, although its resistivity is fairly low for dielectrics, being of 
the order of 10’ to 10^® ohms-centimetres. Certain hard dry varieties, 
however, have a resistivity of 7 X 10^® ohms-centimetres. 

The dielectric strength of thicknesses varying from J in. to 1 in. is 
given by Parshall and Hobart as 10,000 volts, and by Hendricks as 
200 volts per mil at thicknesses of 50 to 150 mils, 160 volts per mil at 
a thickness of 0-4 in , 100 volts per mil at 0»7 in., and 90 volts per mil 
at 1*0 in. 

The specific gravity of fibre varies from 10 to 1-5, according to 
the grade, average samples being about 1 *4. 

The tensile strength varies from 10,000 to 20,000 lb. per sq. in., 
and the compressive strength from 35,000 to 60,000 lb. per sq. in. 

Fibre is naturally hygroscopic for this reason, and in the presence 
of moisture swells again^ but, not being isotropic, it swells unequally 
in the different directions. 

Applications This material has been used for the fibre bushes of 
magnetos, and when used the material was arranged to swell axially, 
so that there was practically no risk of jamming the contact-breaker 
lever; fibre has since been replaced by other non -hygroscopic 
materials. 

Fibre is used for a variety of purposes in the form of paper, sheet, 
slabs, tubes, etc. 

Due to the tendency of the cotton fibres, w^hen the stock is run on 
the paper-making machine, to arrange themselves longitudinally with 
the machine direction, the finished material has a distinct grain run- 
ning lengthwise in the sheet. It is, therefore, well for the user of fibre 
to keep this in mind w^hen the material is to be subjected to a bending 
operation. It will bend more easily with the grain than across the 
grain. It also follows that holes near the edge of a piece should be 
placed, for the greatest strength, near the cut edge, that is, parallel 
to the grain. 

Fibre tubing is employed for carrying the high-tension leads of 
car or aircraft engines. 

Fibre is supplied commercially in a number of grades and varieties, 
known by various trade names, such as red-fibre, hard-fibre, horn- 
fibre, leatheroid, fish-paper, indurated-fibre, waterproof-fibre, etc. 

When the fibre-pulp is treated with Bakclite, a material is obtained 
having a much higher resistivity (1-1 X 10^® ohms-centimetres) and 
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non-hygroscopic ; this material, which is known as “ Bakelite-dielec- 
tro,*’ is a hard, tough substance which cannot be moulded, but is 
impervious to hot water, oils and ordinary solvents. 

Fibre has been employed for brake blocks, more especially for small 
machinery and cycles, but it is inferior both in frictional and wearing 
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Fio. 155. Examples oij Machined Fibki Parts 

A and JS *» screwed parts, C =» tvllndtrs nnule b> upstt or drawinK processes, 
D, E, H, / I)art8 made b\ punchiiiK and turning, K a more chiboiiite article 
made l>> punching and turning 


qualities to the asbestos and other bonded brake materials, such as 
Ferodo. The coefficient of friction varies from 0-3 to 04, and the 
charring temperature from C. to 200° C. Oil reduces the coeffi(*ient 
very considerably 

Fibre is now being replaced to a large exte;it by plastic materials. 

Machining Hard Fibn Vulcanized fibre may be punched, stamped, 
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turned, sawn, milled, bored, in fact, it may be machined in any manner 
in which it is possible to machine metal. 

The tools used for machining hard fibre and Bakelite appear to 
lose their edges fairly quickly, and for this reason the diamond-pointed 
tool previously mentioned is replacing tool-steels. When the latter are 
used the turning speeds should be from 600 to 800 ft. per min., the 
tools being ground to the same shapes, rakes, and clearances as for 
brass ; no top rake is given in this case. 

For sawing hard fibre circular metal-cutting saws running at about 
SOOOf.p.m. for 12 in. diameter saws are recomnjended. Threads can 
be cut on fibre rods with satisfactory results, using the same dies and 
cutting speeds as for brass ; automatic screwing machines are now 
used for this purpose. 

In punching fibre it should be remembered that a different allow- 
ance for spring” must be made from that for metals, since the fibre 
closes in after the hole has been punched ; for this reason the punch 
must be made rather larger than the hole to be punched. The usual 
allowance is about j in. for a 1 in. diameter hole. 

When fibre discs have to be punched out it is necessary to reverse 
the allowance as the material actually opens out to the extent of about 
,,n,„in. x)er 1 in diameter. The punch must, therefore, be made 
smaller than the disc required. 

Gasket Materials 

There are three main types of gaskets used in automobiles and on 
aircraft engines, namely, (1) for high temperatme applications such as 
cylinder-head joints and for inlet and exhaust manifold and pipe 
joints, (2) for medium temperatmre joints such as valve and rocker- 
arm cover joints, water-pump timing gear and oil-sump joints, etc., 
(3) for low temperature joints, such as fuel pump, gear-box and back 
axle cover ones. For high temperature joints compressed asbestos, with 
or without wire gauge reinforcement, is generally employed, as for inlet 
manifolds and exhaust joints. For cylinder-head joints the most 
widely used form of gasket is the copjier-asbestos one having two outer 
thin soft copper layers with asbestos between ; these gaskets are made 
to the exact shape of the cylinder-head joint, the holes for the studs, 
cylinder bores and water connections being punched out, and all edges 
are generally sealed with the thin copper sheet, so that no asbestos is 
exposed. 

Owing, however, to the somewhat yielding nature of this type of 
gasket, the compression ratio of any group of cyhnders is liable to 
vary according to the degree of tightening of the cylinder-head nuts. 
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For this reason gaskets of plain thin copper and other metals have 
been substituted in certain recent engines. These solid metal gaskets 
are coated on either side with a jointing compound which effectively 
seals any slight inequalities in the surfaces of the joints when the 
engine attains its working temperature. 

A type of cylinder-head gasket used in Germany since 1939, owing 
to supplies of asbe^stos being very limited, employs the synthetic 
rubber material known as Buna. It consists of three sheets of Buna 
and two layers of fine steel wire netting, the wires of the tw^o layers 
being placed at angles of 45 degrees with each other. The wire netting 
and rubber sheets are vulcanized together. Unlike natural rubber, 
which softens whei| exposed to high tenij)eratiires, Buna has a tendency 
to “tighten.*’ Owing to the elastic nature of the rubber and the fact 
that the gasket is not coated with graphite, it is said to have better 
holding properties than conventional gaskets. The new gaskets are 
claimed to be resistant to hot w^ater and hot oil up to 180° C.; also 
to glycol and leaded petrol. 

For exhaust manifold joints compressed asbestos with a suitable 
high temperature resistant binder is usually employed, although copper 
asbestos gaskets are also used for this purpose. When asbestos gaskets 
are employed they are stamped or cut to shajx^ from sheet material 
coated with graphite upon both faces. 

For medium temperature purposes compressed asbestos and rubber- 
coated asbestos sheet are favoured. More recently synthetic rubbers 
have been introduced for such applications. Tlius in one typical 
example the gasket is made by first blanking it Irom asbestos sheet 
and coating with the synthetic rubber Neoprene cement. Another 
type is made by compressing the asbestos-Neoprene product 

These gaskets are suitable for use on valve cover joints, rocker-arm 
covers, but not cylinder-head joints. They will withstand the effects 
of oil, steam, water, glycerine, ethylene glycol, etc., at tem})eratures 
up to 200° C., and have a tensile strength of 1000 lb per sq in 

For joints that are not exposed to temperatures above about 
100^ C., compressed cork sheet and rubberized fiibric are frequently 
employed. The covers of automobile headlamps are usually provided 
with compressed cork ring joints backed with fabric for strength pur- 
poses; this is a necessary precaution since the cork possesses very 
little tensile strength. 

Another type of engine gasket material introduced more recently 
by the Chrysler Corporation of America consists of a synthetic rubber 
composition known as Ligno-Neoprene ; it is used largely as a substi- 
tute for cork gaskets. In all, three different grades are employed by 
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this firm, namely, (1) metallic asbestos gaskets for high temperatures 
and pressures, e.g. cylinder-head joints ; (2) synthetic rubber Thiokol 
paper gaskets for sealing at low ccmpression ; and (3) synthetic rub- 
ber composition gaskets, namely, Ligno-Neoprenc for joints where a 
good sealing combined with a certain amount of resiliency are 
required. 

Corrugated cupro^nickel sheet gaskets* are now widely used for 
internal combustion engine and steam joints subjected to high pres- 
sures and temperatures. This type of gasket is highly resistant to 
corrosion and the coiTug«ations seal any surface irregularities. 

Glass 

Glass is made from (a) silica, (6) salts of alkali metals, and (c) salts 
of bases other than alkalis, as follows — 

(а) Sand or felspar. 

(б) Sodium sulphate, or carbonate, or potassium carbonate. 

(r) Red lead, limestone, chalk, barium carbonate, magnesium car- 
bonate, zinc oxide, alumina, etc. 

In general, glasses rich in silica and lime are hard, whilst those 
(‘ontaining much alkali, lead, or barium are soft. 

The following are tj])ical analysesf of different glasses — 

Verre dur GlAvSS. Silica (SiOg) 71 jKjr cent, sodium oxide (NagO) 
12 per cent, potassium oxide (KgO) J per cent, calcium oxide 14 per 
cent, aluminium oxide (AlgOg) and magnesium oxide (MgO) 2 per cent. 

Jena Gla.ss. Silica 72 per mit, boron oxide (B 2 ^) 3 ) 12 per cent, 
sodium oxide (NagO) II per cent, aluminium oxide (AlgOg) 5 per cent. 

The silica content ranges from 50 to 75 per cent in the different 
glasses. 

Fijjst Glass is a dense glass wiiich contains lead and possesses a 
high refractive index and dispersive power; it is used for lenses of 
telescopes, microscopes, and optical instruments. 

Crown Glass was the name usually applied to lime-silicate glass, 
but it is now employed for glasses of low^ dispersive power. 

It is not proposed to go into the optical or thermal properties of 
glasses here, for full information of which the reader is referred to works 
upon optics and heat. 

Glass is hard and brittle, its tensile strength varying from 2000 to 
10,000 lb. per sq. in., according to the quality, and its compression 
strength from 13,000 to 40,000 lb. per sq. in. 

* Soo Fig. 105, page 214. 

t Physical and Chtmvcal Constants, G. W. C. Kaye and T. H. Laby. 
(Longmans, Green & Co.) 
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The following results were obtained from tests upon different kinds 
of glass bars, plates, cylinders, and cubes. 

TABLE 109 

Mechanical Properties of Different Kinds 
OF Glass 
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The value of the elastic modulus for glass is about 4300 to o0(K) 
tons per sq. in. for Jena crown ghiss and 34(K) to 37(M) tons ])er sq. in 
for the Jena flint variety. 

The moduli of rigidity are from 17(K) to 25(K> and 1500 to ISOO tons 
per sq. in respectively, and the corresponding values of Poisson's 
ratio 0*20 to 0*27 for crown and 0*22 to 0*20 for tiint glass 

The specific gravity of crown glass varies from 2 20 for the silicate 
crown variety up to 3*60 for the heavy barium crown type, for the 
silicate flint variety it is about 3*5, for the borosilicate flint 2-S5, for 
the barium flint 3*95, and for heavy flint ghiss 5 0 to 5*9. 

The coefficient of linear expansion of typical soda glass is O*0O()0OS5 , 
flint glass, 0*0000078; Jena glass, 0*0000060 to 0*0000075; lead glass, 
0*0000095, and Pyrex, 0*000003. 

The thermal conductivity of soda glass is about 1*3 to 1*8 x 10"® 
(C.G.S. units), of flint glass 2 / 10~®, and crowm window’ glass 
2*5 X 10“®. 

The insulating properties of glass are well known, the resistivity 
being of the order of 10^^ to 10'® ohms-eentinudres at ordinary tem- 
peratures, but decreasing rapidly as the temjK*ratiire increases. Potash 
glass has a higher resistivity than soda glass, and annealing increases 
the resistivity. Moisture condenses on the surface of glass and destroys 
its electrical insulating properties, due to surface leakage. 
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The dielectric constant varies from 6*6 to 10, and the dielectric 
strength from 150 to 300 volts per mil. 

Safety or Unaplinterable Glass. There are several i)atented processes 
for rendering glass unsplinterable, amongst which may be mentioned 
the method, used for the glass of factory buildings, houses and ships, 
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Fjg. 156 . Fracti HE OF A (Jool) Sample of Un.splinterable 
Glass, giving GHARACTTERisTir Spider Web 
Appearance 
(Murray d Spencer) 

of easting or running molten glass around fiat wire netting of fairly 
small mesh, so that the resulting sheets (H)utain the wire netting in 
about their central planes. 

With the increasing use of automobiles there has been a growing 
demand for a grade of glass that cIch's not shatter into splinters when 
it receives a violent blow ; in this respect a large number of injuries 
incurred in motor accidents are due to the fracture of the ordinary 
glass windscreens and windows ; the use of safety glass in automobiles 
is now a compulsory legal obligation. 
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It is commonly made by placing a sheet of celluloid, cellulose 
acetate, or some similar transparent material between two plates of 
glass. The surface of the material forming the intermediate layer is 
treated so as to cause adhesion between it and the glass. In addition, 
the inner surfaces of the glass are sometimes coated with a suitable 
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Fr«. ]r>7. Good Sampie Anrii rNDERooiNo Pem ravriov Test 
[O vDY Finely Powdered (Jlass has bfin Dkiac hed] 
(Murray d Spencer) 


material in order to increase their adhesion (feiUTtilly, the inter- 
mediate layer is treated with a liquid immediately before mounting 
between the glass plates, pressure being afterwards employed. 

One of the difficulties in safety glass manufacture is to obtain good 
adhesion between the glass and intermediate layers. In this respect 
some unsatisfactory grades of so-called safety glass have been fitted 
to motor cars; these after a few months’ service have shown dis- 
coloration of the intermediate layer, and in many cases separation. 
The result of the latter defect is a mica-like appearance that detracts 
from the transparent properties of the glass. Thb worst feature of such 
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glass IS the splinterable property which usually renders it no better 
than ordinary glass. 

If the active solvent at the junction is in excess there is a diffusion 
into the intermediate layer so that it becomes softened and the glass 
loses its mechanical strength , the glass is then liable to fracture under 
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( Murray cC l^pencer) 


small impacts or shocks If the intermediate layer is too soft the glass 
will shatter under the action of a violent blow, and detached pieces 
will fly bac*k from the jioint of impact. Similarly, if the intermediate 
layer is too brittle the non -splinterable properties will suffer. Safety 
glasses should be subjected to impact tests such as the falling w^eight 
one, and should further be given a prolonged testing under vibration 
conditions similar to those experienced in service on automobiles. 
The former tests will reveal the non-splinterable qualities of the glass, 
and the latter its resistance to separation of the layers. 

ii (I 5)«1) u 
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Murray and Spencer* have devised a testing machine of the falling 
weight impact type for testing specimens of safety glass. The height 
and weight of tlie striker can be varied in order to produce blows of 
considerable impact value to emulate those occurring in motor-car 
accidents. S])ecimens fractured with this machine are examined care- 
fully, and from the nature of the fracture an idea of their relative 
(pialities can be obtained. The results of some tests are show^ii in 
Figs. 156, 157, and 158. 

Other tests spe(‘ified for safety glass include: (1) Frartvrivg test 
wdth blows of increasing intensity until fracture occurs. (2) Bursting 
test on samples 12 in. square. (3) Heating test on a sample heated to 
100" i\ to 105’ C. for 24 hours, after which it is examined for freedom 
from bubbles and change of colour, a Lovibond Tintometer being used 
for the latter purpose. (4) Coloration test based on ex])osure to intense 
ultra-violet rays from an electric arc. (5) Edge-sealing test on sample 
placed in a water-bath at 60 C\, with the edges normally sealed. 

This material is widely used for the w4nds(‘reens of cars, for goggle- 
glass(‘s. bulkhead door illuminators, ])ort -holes, ])erisco]>es of sub- 
marines, observation w'indows for armoured cars, field glass(*s, and 
ev(*n for spectacles. More recently glass has been su|K'rseded in aircraft 
by transparent synthetics such as Pers]K^x. Lucite, etc. 

In thicknesses of from 1 to 2 in., safety glasses are bullet-proof 
at ordinary ranges : the effect of the impact of a bullet, in the case of 
the smaller sizes is to punch a clean hole, witli shrat radiating cracks 
around it. 

Another kind of toughened glass that has been use‘d for automobile 
w^indscreens is of uniform structure resembling plate glass. It is of 
special compo.sition and heat-treated during manufacture so that 
upon inqiact the glass cracks into innum(‘rablc tiny fragments. do(»s 
not s])linter off, but breaks into harmless crystals. The windscreen, 
how(*ver, becomes obscured so that the driviT is unable to sec* clearly 
through it. 

Glass Insulating Tape and Cloth 

Tape and (*loth w^oven from fine glass thread an* now employed for 
electrical insulating purposes. The fibres can be* made to a very small 
diameter; in some cas<*s as fine as one-tifteenth the diameter of the 
average human hair. The w'ove*n ])roducts resemble ordinary textiles 
and, being very flexible, are suitable for the insulation of coils for 
electric* motors, dynamos, transformc*rs and othr*r e|c*(jtri^‘al machines 

* ‘'Testmp: Safety (Ua.s«i,” H. 1). Murray and 1). A, Spencer, Indust, Chem, 
(October, 1930). 
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as well as for cables. They have the well-known insulating properties 
of glass and are chemically resistant to most corrosive influences. 
They will withstand high temperatures without losing their insulating 
properties — a quality not common to most other insulating materials. 
Further, they can he treated with insulating varnishes for the purpose 
of building up insulation around metal conductors. Being imper- 
vious to moisture and possc^ssing high dielectric strength these glass- 
woven prodiKJts have definite advantages over most other insulating 
materials ; moreover, they are relatively inexi3en8ive. 

A typical example of a commercial glass cloth used in electrical 
work is that of Fiberglas.* If consists of glass cloth woven from con- 
tinuous fibre soda -free yarn, impregnated with heat-resisting insulating 
varnishes. 

It is particularly suited to electrical insulation requirements and 
is supplied in various thickn ‘sses coated with black or yellow insulating 
varnishe\s; also in standard tape widths and standard roll lengths. 
It is claimed that electrical apparatus insulated with Fiberglas has 
greater overload capacity, c^in lx* made smaller in size and lighter in 
weight and will outlast equipment j)r()t<*cted with ordinary insulating 
materials. 

Outta-percha 

Gutta-percha is the name given to certain varieties of gum, similar 
to those from which nibla'r In dtTixed, the best qualities of w^hich are 
obtained from the Isonda gutta-tree, which grows in Borneo, Sumatra 
and Malacca. The gum Balata, which is similar to gutta-percha, is 
deriv(»d from trees in Wmezuela. 

(hitta-percha is produc(»d from the latex or gum in the same man- 
ner as rubber, but it is generally used in the pure state, and is not 
usually vulcanized, ])igmented, or filled. 

The density of gutta-})ercha varies from 0*97 to 0-98, and its elec- 
trical resistivity is about 3t • 10® ohms-centimetres, the apparent 
dielectric constant being 2 80. 

Gutta-percha is much used for insulation purposes, i.e, for covering 
submarine cables, sjilices and joints. 

• Insulating Tape 

This material, which is also known as rubber- treated or adhesive 
t^ipe, consists of fabric* tape (linen or cotton) impregnated with plastic 
or sticky gum, the base of which is rubber gum. Fillers and bituminous 


♦ Made by tho Irviug (Vimp»any of New Jersey, U.S.A. 
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substances are used to adulterate the gum ; the best grades contain 
the more expensive rubber gums. 

The impregnated fabric possesses fair electrical insulating ])roper- 
ties, and when slightly warmed can be made to adhere to itself and 
to metal, wood and otlier siu*faces. 

It is much used for electrical repair work, temporary lead insula- 
tions, as a temporary means of preventing air leaks in pi})es, preventing 
nuts and other parts shaking loose, ])reventing rat lie of adjacent parts 
on automobiles and aircraft, stiffening laminated springs, etc. 

Leather 

Leather is derived from the hides of domestic animals by tanning 
processes. 

It is much used in engineering work for driving belts, friction 
lining material, washers for hydraulic work, co(‘ks and taps, etc. 

The specific gravity of leatlier is from ()*fiO to O-OS, a (*ubic foot 
weighing about 57 to bO Ib. on the average. 

The tensile strength of single, ordinary (oak) tann(‘(l leather belting 
varies from 3000 to (iOOO lb ])er s(j. in., for Helvtdia singh^ leather 
from 5500 t(' 0000 lb. per sq. in . for double, ordinary tanned leather 
2000 to 3000 lb, per scj. in , for double Helvetia leather 4000 to 5500 lb. 
per sq in. Mineral-tanned belting giy^es from 4000 to 700011). [)er 
sq. in. 

The horse-power transmitted by a leather belt, jirr inch width, is 
given by the follow ing relation *— 


where T “ difference between the tensions on the driving and free 
side of the belt in lb., and - belt speed in feet per min. 

The wwking stresses vary from about 40 lb. ])(‘r inch yyidth for 
ordinary single belts to about 00 lb. for heavy double belts. 

The British Standard Specification IkS. 424 requires a minimum 
strength of 2500 lb. per sq. in. for sjilices in oak-tanned leather belting. 

The coefficient of friction of leather is high for low pressures, the 
value varying from 0*4 to 0-5 for temjieratures below 30' ('. and for 
pressures lower than 201b. per sq. in. and on cast-iron surfaces. 

Linseed Oil 

Linseed oil is a vegetable oil obtained from the seeds of flax, and 
it is widely used as a constituent of paints and varnishes. 

It has a specific gravity of 0-932 to 0*t)30 at 15” (\ 
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Boiled linseed oil, when exposed to ordinary atmospheric condi- 
tions, becomes oxidized into a viscous or hard film ; this effect is 
accelerated by th(i action of heat, or drying agents. 

The raw linseed oil is chiefly used with white lead colours, and the 
boiled variety (which tends to darken paints) with dark colours, such 
as reds, greens, browns, blues and black pigments. 

The method of obtaining boiled linseed oil* is to add to each gallon 
of raw oil about (> oz. of litharge and 2 oz. of red lead, and to heat 
for a few hours at about 120^ C. to 200° afterwards running off the 
clear oil when cold. 

The drying <piality of linseed oil is usually tested by painting a 
piece of glass and exposing to a temiHTature of 38° C., noting the 
time required to dry. 

Linseed oil is widely ein])loyed in oil varnishes, with soluble gums, 
such as amber, copal and gum animi ; these varnishes take a much 
longer time to dry tlian the spirit varieties, but give more clastic, 
harder, and more durable results. 

The name Imoxi/th, or oihrubber, is given to the rubbery material 
forined by tlu* oxidation of linseed oil. It is sometimes used for so- 
called “artiticiar’ rubbers, with other filling ingredients. 

Mica 

Mi(*a is a ndVactory material, l)eing a double silicate of alumina, 
or magnesia, and ]K)tash or soda : it contains various impurities 
such as iron, which gives it a grey or black foliated appearance, mag- 
nesia, wliich tends to darken it, and aluminium silicate, which helps 
to render it more transparent. 

Mica is obtained in the form of laminated sheets, which can be 
readily s])lit into thin she(»ts as small as 0*(KK)mm. in thickness. The 
best grades of mica come from India ajid Canada, the Ameri(*an or 
dome.stic grades coming last. 

White or Muscovite mica is much used for electric and other 
heating apparatus : transparent lainj) and gas chimneys and panels in 
oil and gas stovi*s are made of white mica. 

Tlu‘ larg(‘st commercial sizes of cut mica sheets are about 8 or 
10 in. sq. or 10 X 8 in., and are much more expensive conqiared with 
smaller sizes, so that it is now usual to emjfloy for electrical jmrposes, 
where jiossible, moulded or built-up mica sheets made from small 
flakes or ground mica, known under various commercial names, such 
as Micanite, Mica -})a per, Mica-cloth, Megomic, etc. 

Pure mica is one of the best electrical insulating materials know^i, 
* Tho oil is not “boiletl” in the real sense of the word. 
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as it not only possesses a very high resistivity but also is capable of 
withstanding high temperatures. 

The resistivity of mica varies with the grade or source of origin, 
but the following values* represent the more reliable results — 


TABLE 110 

Electrical Properties of Mica 
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For ordinary electrical design purposes the xoluine resistivity is 
taken as 4 x 10^^ to 2 v 10^", the latter figure being fur clear and 
the former for ruby mica. 

The surface resistivity at 75 per ct*nt humidity is from 0 X 10® 
to 1 X lO^b the limits Ix'ing for the two varieties previously men- 
tioned. 

The electric strengtli varies from 2000 to 0000 \()Its per mil 
according to the thickness, the higher value b(‘ing rof (he best sheets 
1 mil thick. The power factor of the Muscovitt* is l(‘ss than for 

the amber micas, thus tor clear Muscovite mica the power factor 
may be as low^ as 0-003. For <*lear amber and silver amber micas the 
power factors are 0 02 and 0-05 res])ectively. 

The specific gravity of mica is about 2-7 to 3-2. 

Its specific heat varies from 0*200 to 0*208. 

The thermal resistivity varies from 180"' C. to 250 (J. per watt per 
cm. cube. 

The melting point of mica is 1200^^ L. to 1300 (’. 

The insulating properties of mi(‘a are retained up to 000" (J. to 800*^ C., 
the effect of increasing temperature being to disintegrate the laminae 
into small flakes. 

Amber mica, of Canadian origin, is less affected by heat than the 
other varieties, and is somewhat softer; it is used for the armatures 
of motors and dynamos, as it is not so hard as the domestic grades and 

* Vide Standard Handbook for Khcltaal Enqintertt (McOraw Hill Hook Co.). 
Mica, Its History, Prodachon, and Pidizatfon, II. Znith'r Mica, Canadian Dopt. 
of Mines Publication. 
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wears down at approximately the same rate as the copper segments 
so that hard mica ridges are not formed. 

Condensers used for magnetos and high-frequency purposes etnploy 
the best clear ruby mica; sometimes, however, specially selected 
slightly stained mica is employed. 

For heating and cooking where mechanical strength considera- 
tions are concerned the Muscovite micas are used ; where great heat 
is required, as in an electric furnace, phlogopite is employed. 

Micanite, made from thin pieces of mica into large sheets, using 
suitable adhesives, is ch(‘a])er than mica, but is inferior in electrical 
properties; moreover, it should not be used at higher temj)cratures 
nor under oil. Micninite commutator separators are made from Indian 
ruby s])lit tings. Micanite is also available as hard boards, made by 
imi)regnating with s])ecial bonding media and baking under })res8ure. 
Moulding micanite is another variety for sheet material parts of special 
form. There are also several other forms of Micanite, including Mica- 
folium, Flexible Micanite, lleinforced Flexible Micanite and Heat- 
resisting Micaniti*. 

Mica is used for numerous edectrical purposes as an insulator; 
it is employed in the form of a series of washers, tightly clamped and 
turned to size, for the insulation of high-grade axitomobile and aero- 
})lane sparking plugs. 

Porcelain and Steatite 

The grad<\s of porcelain em])loyed for electrical purposes contain 
sili(‘a, clay and felspar: the three felspars which are used comprise 
orthoclase (or ])otash felspar), ulbite or indianite (or soda felspar), and 
aiiorthif(* (or lime fels])ar). 

The clays employed are china clay or kaolin and ball clay. 

The following is a standard com])osition — 

Quart/ . . . 30 per ec*ut 

Kaolin . . . .>0 ,, 

Felspar . . 2t) ,, 

The felspar acts as a flux and tends to unite the other constituents 
when fused. 

Porcelain may be made either by tlie dry in which the 

ingredients are mixed and moulded under hydraulic pressure and then 
“fired” in the usual way, or by the wet process, in which the mat/erials 
are mixed with water, into a wet plastic cake, moulded or worked to 
shape, dried, and, after dipping in the glazing bath, placed in the 
kiln before “firing.” Most electrical porcelains are made by the wet 
process. 
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The glazing mixture contains more flux than the porcelain mixture, 
so that it vitrifies at a lower temperature. The shrinkage during 
manufacture, from the clay, amounts to from 10 to 20 per cent. 

Dry process porcelain is usually porous and is not suitable for high 
voltages. 

Electrical porcelain has a s])e(*ific gravity of from 2*5 to 3-5. It 
is not affected by oils, acids, alkalis or water, and it should not be 
porous in the unglazed condition. 

The coefficient of linear expansion varies from 2*5 to 5*5 x 10~® 
per degree C. 

The specific heat is 0*17 to 0*25 (0^ to 1000° C\) and the thermal 
conductivity is 2*5 X 10 ® C.G.S. units. 

The electrical resistivity of unglazed porcelain is of the order of 
10^^ to 10’® ohms per cm.® at ordinary temperatures, but decreases 
fairly rapidly with temperature increase. At high tem})crature8 it 
becomes a conductor, so that it is not suitable for electrical funiaces. 

The dielectric constant is from 4-4 to t)*S, and at low frequencies 
the disruptive voltage is about 30 kilovolts for a thickness of 0*1 in 
and about 110 kilovolts for a thickness of 0-5 in. 

Although not of the porcelain group, the low loss ccTamie material 
known as Steatite has better electrical pro])erti(‘s ; it is, however, more 
expensive. 

The following are t y})ical pro])erties . S])e(*ific gravity, 2*7. Electric 
strength at 50 c/s., 900- 1 150 volts, mil. Powct factor (tan d) at 20° C. ; 
300 kc./s. — 0-0003 ; 50 me. ^s. -- 0*0005. P^a inntivity (/c), 5*5-6*5. 
Insulation resistance at 300 (\, 3*2 v (,hins'cm.® Compressive 
strength, 140, OCK) lb. per sq. in. 

European soft felspathic ungla 7 <*d ])orcelains have a tensile strength 
of from 10,000 to 12,6001b. per sq. in., and i\ compressive strength 
of about 65,000 lb. per sq. in. 

The modulus of elasticity is about 2,500,000 lb. ])er sq. in. 

Porcelain is widely used for electrical insulators, fus(‘- boxes, large 
and small switches, insulated handles, electrical connections, s])arking 
plug body insulators, outside live wire insulators, etc. 

Sparking Plug Insulators 

The insulating materials used for modcTU sparking })Iugs of auto- 
mobile and aircraft engines include mi(‘a, certain <*eramic insulating 
materials and sintered aluminium oxide. 

(1) Mica, whilst possessing excellent electrical insulation proper- 
ties at the engine working tempera! unjs and secondary circuit sparking 
voltage of 5000 to 8000, has certain disadvantages. Thus, it has a low 
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heat conductivity so that cooling of the plug is difficult, and it en- 
courages the accumulation of current-conducting dej)08it8 such as 
burnt oil and fuel -origin carbon during the “idling’' periods of opera- 
tion. Further, if overheated the mi(‘a becomes dehydrated with conse- 
quent expansion and brittleness leading to the formation of a wliite 
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})o\\dery substance. The thermal exjiansion ol mica is about one-half 
that of the steel central (‘lectrode and shell, so that it is more difficult 
to maintain gas-tight joints. Mica has also an affinity for moisture 
which is a disadvantage for engine starting and slow running purposes. 

Finally, when used >^ith leaded fuels mica-insulated sparking plugs 
are exposed to attack by the lead products, the practi(‘al effects being 
evident as partial disintegration by pinholes punctured right through 
the mica to the electnKle \\ithin. 

For normal ty|x*s of jietrol engine the mica insulated jilugs have 
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given satisfactory results in the past with ordinary petrols. The 
mica used for the exposed part of the insulator near the central elec- 
trode is usually of the clear ruby or Muscovite grade, made in the form 
of washers placed over the central electrode and lightened securely. 
The rest of the insulator is often in the form of mica wrappings around 
the electrode — since washers would provide potential leakage paths 
betw^een the laminations from electrode to shell. 

(2) Ceramic Imidators. These widely used materials include the 
porcelains' and steatite, special grades benng employed for aircraft 
engine sparking plugs. In the earlier ceraini(‘s quartz and felspar 
constituents were employed, but these were found to c‘ause volume 
changes with impaired insulation efficiency at high temperatures and 
so they were replaced with the inert mineral known as Sillimanite — 
an anhydrous aluminium silicate product, both strong and tough, 
with a melting point of about 1810^ (\ 

More recently improvements in ceramic insulators have been effected 
by employing much finer ground materials and higher production 
tcm})eratures, the products being sujierior in mechanical and thermal 
properties and glaze fit. An advantage of ceramic insulators is their 
relative lightness as compared with mica; thus it is possible to make 
aircraft engine plugs of about one-third tin* weight of mica ones. 

(3) Sintered Ahmininm Oxide This more na^ent insulating material 
consists of aluminium oxide sintered into a ban! homogeneous sub- 
.stance having about five times the thermal condudivity of porcelain 
and twice its strength. Moreov(*r, it is immune irom at tack by “leaded “ 
fuels such as the high octane ones used in aircraft engines. 

It possesses a thermal expansion coefficient nearer to that of 
nickel and steel than any of the ceramic insulators, and it is there- 
fore easier to obtain gas-tight joints. A further advantage of this 
insulating material is the ease wdth which it can be cleaned; even 
sand-blasting does not injure its surfa<v. (/crtain initial difficulties 
in connection with the insulator joints and low insulation resistance 
due to carbon deposits when ojierating at low temperatures — as when 
the engine is “idling” — ha\e now been overcome satisfactorily. 

Sinfox is a typi(‘al insulating material of the sintered aluminium 
oxide class: a typical <ip})lication of this material is given in Fig. 159. 



CHAPTER XI 

ENOINEERINa PLASTIC MATERIALS 

Thk methods of manufacture of articles, both metallic and non- 
metallic, used for engineering purposes, by direct machining processes 
have given way, in many cases, to those of casting or moulding. 

The advantages of being able to obtain parts to the desired shapes 
and sizes by mass-production methods are obvious. In this respect 
particular mention must be made of the hot-stamping and die-casting 
methods, described in previous chapters, employed for many non- 
ferrous alloys ; these give articles requiring practically no machining 
or finishing for most purposes. 

In the case of certain organic or non -metallic materials used for 
parts hitherto made by lengthy and o^ten complicated hand and 
machine processes from woods, the development of the moulding pro- 
cesses has resulted in millions of articles covering a wide range of 
shapes and sizes now being made at extremely low cost. Moreover, 
each of these parts can be made in large numbers, to exact dimensions 
and in materials very much harder, stronger, and more durable than 
woods 

In addition a variety of colour and surface effects, including various 
wood and metallic surface finishes, can be obtained with many of the 
synthetic materials in question. 

The plastic materials that have been employed in engineering work 
include bitumen, natural resin, cellulose esters (cellulose acetate and 
nitrate), casein and resinoids or synthetic resins. 

These and other materials employed for similar purposes may 
conveniently be grouped under two main headings, as follows: (1) 
Thermo-plastic materials and (2) Thermosetting materials. 

Thermo-plastic Materials 

Thermo-plastic materials are the less permanent ones which soften 
under the application of heat (with or without pressure) and are hard 
when cool. Repeated heating and cooling does not in general affect 
their physical properties. The thermo-plastics include bitumen, 
casein, cellulose acetate, natural resins and certain more recent com- 
pounds, such as polystyrol, polyvinyl^ and inethyhrnethctcrylate. 

Bitumen, the oldest known plastic, was employed about 3000 b.c. 
The bitumen plastics of to-day are used chiefly in the electrical industry 
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and are made from bituminous prociucts by mixing with a suitable 
filler, such as slate dust or ast)estos in powder form. These plasties 
can be moulded into various forms and have good electrical insulating 
properties. They have been used for battery-cell plugs, stoppers, 
electrical mouldings of the cheaper class, etc. 

Casein is a precipitation product obtained from milk by the action 
of rennet or acid. The casein obtained is ground, coloured and moulded 
or extruded into rods, sheets or blocks. These are then hardened by 
treatmen't with a solution of formaldehyde. The casein product is 
not suitable for moulding into intricate forms as with the synthetic 
resins, but is used in the rod, sheet or block form to make artiel(\s by 
macdiining processes, e.g. sa^ving, turninir, drilling, etc. It is slightly 
hygroscopic so that its uses are somewhat limited to articles such as 
handles, buttons, knobs and ornamentally-turned j)arts. Tv])ical com- 
mercial casein plastics are Erinoid and (ialalith. lii conne(*tion with 
the ])roduetion of casein d requires 3} gal. of skimmed milk to make 
1 lb. of casein. 

Cellulose acetate is a modern substitute for celluloid which is made 
by the treatment of cellulose nitrate v\ith camj)lior. Unlike th(‘ l.dt(*r 
material cellulose acetate is not highly intlammable, but merely burns 
at a slow rate, or chars. It is usually a\ailable in transparent sliced 
form, but can be obtained as a moulding powder; it is also supplied 
in the opaque form. (Ulastoid and (\llastitie are t^pical cellulose 
acetate* tyjie plastic materials. The cellulose* acetate plasti(*s have good 
electrical insulation ])re)pe*rties, a spee*ific gravity of 1*25 to l-fio and 
tensile strengths of 1| to tons jier sep in. 

Cellasiiuf* is a ce*lhilose acetate compound Inning a plastifying 
agent which renders it stable uneler normal conelitions It is suy)])lie*d 
in rods and sheets, has good electrical anel mechanical properties 
and is used for elee'trical and wirele*.ss jiarls wh(*re good insulation 
preiperties are desirable. 

Bre'akdow'ii electrical tests made on ojiaque and transparent Uel- 
lastine in oil at 2i)' C. showed that from r)50/7r)() volts per mil w'(‘re 
required for opaque colours of O-OOO in. tliiikness, and 840 for trans- 
lucent ones of the same* thickness. 

Tests made on black Uellastine mouldings gave the following 
charact crist ics — 

Specific gmvitv, 

Gross breaking strength, 4380 lb per sq. in. 

Breakdown value at 20 (’. on a thickness of 88 mil., (>30 volt/rnil. 


* l^ritish Golanese Lt<l., London. 
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Volume Hesirttivity 

2U (\, 1-5 X ohma/cm. cube. 

57^ C., 1-8, 10» „ „ 

Surface Kesihtivity 

20'^ C\, 1-4 / 10’® olima/em. S(j. 
r)7 (\. r>-4 JO’ „ 

CelJastiiie is eiiiployed for a variety of industrial purj)()ses, apart 
froin its engineering applications. The transparent Celastoid or 
Oellastine has been used for aeroplane windscreens. Some other 
a])plications in(‘lude acoustic instruments, bathroom fittings (e.g. 
brackets), (‘lock eases, coach and motor body building (for interior 
fitments, smoker's requisites, facia boards, and instrument dials), 
cutlery handles, cycle manufacture (Celastoid tubes are being used for 
(‘overing frames, handlebars, pumps, and for chain eases), drawing 
instruments, as a glass substitute for steam gauges, motor goggles, 
indicators and lain]) glasses (both trans])arent and coloured). It has 
another im])ortant use, namely, as the intermediate layer of mfetij 
(jkiHs UH((i for iriridficreens, since, unlike c(‘lluloid, it does not discolour 
with prolong(‘d ex]K)sure. 

PolijHtyroh are thermo-plastics obtained by i>olymerization of the 
h\drocarbon styrene \^hich is derived from ethylene. These materials 
are normally quite trans])arent, .strong and of excellent electrical 
properties. 

I'liis material can also be obtained coloured, it has a specific 
gravity of 105 and a tensile strength of 5(KK) to 55tK) lb. j)er sq. in. 
It is non -hygroscopic. 

Polyvinyls are thermo-pla.stics derived from vinyl compounds such 
as vinyl chloride or acetate. They are obtainable in either the opaque 
or coloured condition. The .s])e(dfic gravity varies from 1-25 to 1*35 
and tensile strength from (KKK) to 8(KK) lb. ]x?r sq. in. The material is 
very slight!} hygroscopic. 

M ethyl -meihacrylatius are among the recent thermo-i)lasties which 
are used for aircraft construction jiurposes, being transparent and 
strong. Tliey have an important application for the windows, domes, 
winds(Teens and similar transparent parts of modern aircraft. Typical 
commer(‘ial ])lastics of this group include Persi)ex, Plexiglas, Lucite 
and Diakon. 

The physical and mechanical properties of the principal kinds of 
thermo-plastic materials are given in Table 111.* 

♦ “PlaHtu' Moulding,” G. Pnng, The Automohih Ktt^invcr, April, 1938, 
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Tnermo^setting Plastic Materials 

This important j^oup ot })lastie materials ineliideH those which 
soften or become plastic under the influence of heat (with or without 
pressure) and on continuous application of tliis heat (with or with- 
out pressure), or by pn^ssure alone, sel into hard compounds which 
cannot again be softened by h(‘at a}>])lication, i e. are permanent in 
constitution. 

The thermo-setting plastics include the ])henol -formaldehyde and 
urea-formaldehyde products, the latter heiiig the more recent ones 

The phenol ‘for fmid eh If fie plaMtieti are produc'd by the condensa- 
tion of phenolic compounds with formaldeliyde. (Vesols act in the 
same way as the phenols but give different end prodiicts. The resulting 
si/rUhetir re^^in may be utilized in powder form mixed with a suitable 
filler such as wood -Hour, asbi‘Si'OH or flak(‘d fabric. This eom])osite 
pow^der when heat(‘d under ])ressure in suitable moulds first softens 
and takes the same sha|K* as the mould , it then liardens into a solid 
com|Kmnd. 

The synthetic resin can also b(‘ mixed with suitable solvents to use 
as varnisiies which are employed for impregnating electric coils, etc., 
for binding and insulation purposes ; it is also used as a lacquer for 
coating painted or plain metal surfaces. 

The resin is also enqHoyed to impr(‘gnate wood, ])ap(T or cloth for 
electrical and also decorative jwnels Wlu*n several la\ers of fabric 
are employed a laminated produ(*t of n^latively high strength is 
obtained , this product has many engint‘ering uses, to which reference 
is made later. 

Synthetic resins of this class are also ust‘d as adhe\sives. It may 
be mentioned that the most widely em])lo\ed plastic of this class is 
Bakelito. 

Vrexi‘JormaMehij(le plaMicfi. I>ea, which is made from ammonia 
and carbon dioxide, is used eitluT alone or mixed with thiourea and 
allowed to condense with forma Idehydt', the syrupformed containing 
from 50 to fU) |)er cent of synthetic resin , this synqi is used to impreg- 
nate wood-flour and similar fillers for moulding purposes. 

The urea -derived synthetic* resins, whilst resembling the phenol ty|:)e, 
have the important advantage over the latter of being much more light- 
resistant, and they give v(*ry light (*oloured and light -fast moulding 
materials, whereas the phenolic resins are amber or brown. The urea 
resins can be used not only for moulding powders, but also for var- 
nishes and the impregnation of paj)er or fabric sheets. Their absence of 
colour enables attractive semi-transparent sheets and mouldings of 
light pastel shades to be obtained. 



394 


ENGINEERING MATERIALS 


The physical and mechanical properties of typical phenolic and 
urea formaldehyde moulding compounds, in the final set conditions, 
are given in Table 112,* 


TABLE 112 
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It IS characteri.^tic of all these resins that they possess high dielec- 
tric projx^r+i(»s and in the final phase an* jiractically insoluble in most 
of the known solvents, they are general! v immune from attack by 
alkalis or acids 

These outstanding properties have led to the application of syn- 
thetic resins of this class on a very extensive scale to jilastic mouldings, 
whereby an almost unlimited variety of shapes and sizes of finished 
articles can rapidly be produced. Tlie jinnciiile employed in this 
method is to subject the material (in the jiowder or plastic form) to 
high pressure and heat simultaneously, whilst it is enclosed in steel 
moulds. Metal inserts can also be moulded in position. 


* Anti, HOI, note 
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The articles thus produced can be made rapidly and with almost 
perfect uniformity of shape and dimensions, A^ith a polished finish and 
m practually any desired colour They jiossess excellent mechanical 
strength and electiual properties , moreover, they are greatly superior 
to articles made from the Ix^st timbers 

Britnh Starulmd Spenfication for Phenolic Materiah Tlie British 
Standards Institution, m 1938, issued a Specification (No 771) for 
Synthetic Resin (Phenolic) Moulding Materials and Moulding, ^\hlch 
was the first of a senes of British Standards for such materials and 
mouldings It s])e(ifies the actual projiertics of one particular moulding 
powder, namely, the })henol formaldehyde or phenolic kind, giving 
a classification into five sjiecial t>pes, and the ph\faical, mechanical, and 
electrical properties of each 

Bakelite Products 

Bakclite IS a synthetic product of wide application disco\ered by 
l)r Bac'kc I ind when e\j>c'rimc nting with various substances in the 
endeavour to hnd a substitute for shellac 

It was found that when e<iual amounts of phenol (carliolic acid) 
and formaldc h\de (a wood distillation jirodiut) were heated together 

T\BLE 113 
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in the presence of a base, an amber coloured substance was formed. 
This substance is soluble in alcohol and acetone : it has a melting 
point of about 120'" F. The material in question has been given the 
name Bakelite Resin ''A.'' 

When this substaiK'e is subjected to further heat -treatment it is 
converted into a hard, insoluble, infusible, transparent and anibcr-like 
material known as Bakelite Resin “T.” This is the final product 
emi)loyed for so many electri(*al and engineering purposes under the 
name Bakelite. 

The commercial Bakelite moulding mat(»rials consist of the resin 
“A,” mixed \\ith various fillers under stri(‘tly controlled conditions. 

It is interesting to note that although the materials employed to 
make Bakelite llcsiu “A” have chara(‘tcristic j)ungent smells, the 
final product is free from any odour. 

Bakelite moulding materials contain as their binding agent the 
synthetic resin previously mentioned. 

Filling Materials 

The use of filling materials such as wood-flour and aslH\st()s in 
Bakelite inoulditig mat (‘da Is is for the purpose of modifying their 
properties and affording .special colours to the finished ])rodu(‘ts. Each 
component is includ(‘d for a s])e(‘ial jmrpose. For t‘\arnple, wood- 
flour is employed to give iinjiroved mechanical strength pnJperties 
without affecting the lightness of the original manorial. Asbestos is 
used to give great<'r heat resistance. 

Bakelite moulding materials are supplied (‘ommen'ially in powder 
form, ready for use in the moulds, ft is .strongly re(‘ommended that 
such jiowders shall be uscal without admixture or adult ('rat ion, and 
that the moulding t('(*hnique n'commended by the manufacturers be 
followed firecisely. 

The wood-flour materials are made in p(jwder form, dry and granu- 
lar. They soften readily and flow^ under the action of lu'at and jire.ssure. 

The standard moulding powder is made in two colours, viz. black 
and brown. It is also ])rodu<*ed for special ])ur})oses in various opaque 
colours, such as reds, greens, yellows and grf'v ; it can al.so be sup- 
plied to give wood finishes such as walnut, mahogany, rosewood, etc. 

The wood-flour moulding materials giv(‘ hard, sharp, moulded 
parts with clean lustrous surfaces, reproducing both the shape and 
nature of the mould surfac'es with almost exat't fidelity. Thus, if the 
mould has a highly polished surface, the mouldings will have the same 
finish. Each piece leave.s the mould ready for use after the thin “fin** 
has been removed. 
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Inserts of all kinds can be embedded securely in the Bakelite dur- 
ing the moulding process. This is a particularly advantageous property 
in electrical, wireless and instrument work, for metal screws, pins, 
nuts and similar items can be moulded in place so that parts when 
extracted from the mould are ready for assembly or use. 

In special circumstances where drilling, tapping or machining 
must be done after moulding, no difficulty is experienced. Threads 
of reasonable strength and accuracy can be moulded in the material. 

For electrical purposes standard grades of moulding powders are 
available, giving good dielectric jtroperties, but when moulded articles 
are required to withstand high temperatures, they may be stoved 
after moulding at C. for 48 to 80 hours. 

In addition the material is odourless, non-hygroscopic, unaffected 
by oil or petrol, or by exposim to temperatures up to 350° F. It will 
not soften or deteriorate with age, and retains its initial colour without 
fading, indefinitely. 

Tlie moulding materials are packed in airtight steel drums for 
transport and storage purposes. 

Bakelite, apart from its use as a wood substitute, is used as a bond- 
ing medium for abrasive wheels, with emery, aloxite and carborundum. 

Some Applications of Bakehte. It is impossible to mention more 
than a few instances of the uses of Bakelite in the present limited space, 
but 8j>ecial note may be made of its applications to parts hitherto 
constructed from hard voods and certain metals vhere sufficient 
numbers are required to justify the relatively expensive moulds of 
the process. Its ease of moulding into complicated shapes enables it to 
replace expensive fabricated or cast })arta in the materials mentioned, 
whilst the range of surface colours and effects, combined with the 
excellent surface finish as taken from the mould, has led to its adoption 
in an extremely vide field of applications. 

It is employed for moulded electrical parts of complex and simple 
design requiring good electrical insulation projierties. Typical exam- 
ples are electrical panels, radio set cases, switchgear, telephone parts, 
electric fans, lighting reflectors, loudspeaker parts, small electrical 
components, lighting and power sockets, plugs, connectors, terminal 
blocks, electric clock cases and com})onents, various designs of elec- 
trical fittings, etc. 

In automobile work it is used for instrument panels, coil-ignition 
parts, mouldings, gear-lever knobs, ashtrays, cigarette lighters, insu- 
lated components, number-plate housings, window frames, knobs of 
controls, etc. 

The armatures of dynamos and motors are impregnated with Bakelite 
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insulating varnish ; this material has numerous other applications 
in the electrical industry. Tt is also used as a protective coating or 
lacquer for polished metal parts and for safety razor blades. 

Parts of variable pitch airscrews — ^notably the collars — are made 
from a series of shaped laminations of Bakelite material. The blades 
themselves c*aii be made, in hollow form, from reinforced Bakelite, 
moulded to shape. 

Another more recent use of Bakelite is for making stereos of half- 
tone printing blocks, the Pala plate process of duplication being em- 
ployed in this connection. 

The bodies of small cameras are also being made of moulded 
Bakelite. 


Asbestos Fibre Materials 


The filler in tliis case consists of asbestos fibre. The moulded 


product is more resistant to heat and will withstand greater shock, 
but cannot be machined so readily. It is less resistant to mineral 
acids. 


The following are the physical and mechanical properties of this 
product — 


specific giavity 
Weiglit per cubic inch 
(Coefficient of lineal exjiansion 
Dielectiic coiustant 
Jnolectiic strength 
Tensile strengtli 
( Compressu o strength 
Modulus of rupture (tiaiibverse 
strength) 


1 Hf) 

1 OS o/ 

0 00002 per ( ' 

4 .") 7 0 

loO ,)00 vmUs per mil 

2 0 2 7 tons pfi sq m 
8 0-16 

6 0 1.3 


This material is sup])hed in the standard (‘olours brown and black. 


Flaked Fabric Moulding Material 

A Bakelite moulding material introduc(‘d at a later p(Tiod than 
those previously mentioned employs small flakes of fabric as the filler 
instead of wcKKl-flour or asbestos. The resulting moulded material 
possesses greater shock resistance than the others mentioned, namely, 
as much as ten times that of ordinary moulding materials. 

It is recommended particularly for such ])arts as hand-saw handles, 
handles for garden tools, switch handles and otluT jiarts liaving to 
withstand shocks. 

The natural colour of the material is a mottled brown, but it can 
be obtained in brown or black. 

Flaked fabric Bakelite ])arts have a speidfie gravity of 1*37, and 
tensile strength of 2-17 tons per sq. in. 
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It is moulded in a similar manner to the other products, but the 
volume before moulding is much greater, viz. 8 : 1 instead of 3 : 1 
for standard wood-flour materials. 

The Moulding of Bakelite 

Bakolite moulding powders require the use of mechanical, elec- 
trical and hydraulic presses fitted with suitably heated top and bottom 
platens. Steam is generally employed for the heating process, a steam 
boiler working at about 150 lb. per sq. in. being recommended. 

A convenient size of press for ordinary work is one with platens 
measuring 12 X 12m., with Sin. ram and 10 in. to 12 in. stroke. A 
set of pumps is required to operate the hydraulic presses in cases where 
a large number of mouldings are to be made, but hand-operated presses 
are used for small quantities. Presses can be worked direct from the 
pumps, but the use of a hydraulic accumulator is advised as it 
ensures more uniform application and better control of the pressure. 

The pressure required to mould Bakelite material varies from 
500 to 2500 lb. per sq. in. of projected moulding area, depending upon 
the type of mould and shape of the moulding. 

It is important that all presses should be fitted with an operating 
valve to control the j)ressure. 

In almost every case it is advisable to use a comparatively light 
pressure until the mould is practically closed. The extreme pressure 
can then be exerted and maintained until tlip moulding is completed. 

Mouldings made from Bakelite moulding mat/CTial are always ejected 
from the hot moulds without any warping or distortion effects result- 
ing on contact with the cooler atmosphere. 

After the first moulding has been made the mould will be hot. It 
can be re-charged in this condition, but after being so charged it is 
most important that the mould should be placed under pressure as 
speedily as possible, otherwise the heat may cause the Bakelite material 
to harden and the chemical change will take place before the mould 
is closed. The consequence of this would be a faulty moulding and, 
perhaps, damage to the mould. 

The time required for the mould to be under pressure varies 
according to the size and form of the moulding which is required to 
be produced. 

It may, however, be generally taken as from 1^ min. for a piece 
weighing, say, I oz., with a corresponding increase of time for a 
moulding larger than this. This period also depends upon the tem- 
perature of the mould. 

The moulds are heated, preferably, with steam at about 150 lb. 
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Fio. 161 One Type oi TABiiaTlNO MvdUNfc 
Used yob Mouldinc. Powdebs 
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per sq. in, pressure. The lemjieratiire corresponding is between 325° F. 
and 375° F. The work does not suffer if left in the mould for long 
periods. 

Tabletting 

For certain types of mouldings, known as flash mouldings, it is 
usual to pre-form the moulding material to give round or conveniently 
shaped talflets, which are placed in the impression of the mould, 
instead of using moulding powder direct. 

Special machines known as Tabletting iruichines are now^ available 
for this purpose. 

Moulds 

In regard to the moulds employed for Bakelite moulding materials, 
these vary considerably in design a(*cording to the type and shape of 
article to be moulded. In general there are threi‘ types of mould in 
common use, viz. (1) the Flash Mould, (2) the Positive Flash Mould, 
and (3) the Plunger or Positive Mould, 

1. Flash Mould, The flash mould is suitable lor multiple mould- 
ings, and is chea})er than other types. It is usually associated with the 
tabletting process, and consists essentially of two parts: a top and 
bottom plate wdiich come together under j)ressure. In most cases the 
impressions are separate pieces from the main })lMtc or mould surface 
in order to facilitate removal of a damagi^l part for repair or renewal. 
In each of the plates the impression of the mouldiiig required is hobbed 
or machined so that when the two halves come togeth^'r the com])lete 
moulding is formed with a thin flash between the two plates. In this 
case a slight excess of material is used wdiicdi forms tlie flash. This 
is necessary as the tablet or powder is not totally enclosed until the 
plates close up and a certain amount is pushed out. The amount lost 
in this way is exceedingly small, and is compensated for by the saving 
in time and cheaper cost of the mould construction. Th(‘se moulds 
are easy to handle, simple to clean, and are v\orked with multiple 
impressions. 

2. Positive Flash Mould, This ty]>t* of mould is a combination 
of the flash and positive plunger mould, describcnl lateT, with the 
object of using powder in conjunction wdth a mould low^ in initial cost 
and with multiple impressions for more rapid j)rodLiction. These 
moulds produce articles joined by a thin flash. 

The impressions to be moulded are hobbed or machined out of 
the lower and sometimes the plunger plates. A distance piece or 
surrounding wall rests on the lower plate to receive the powder and 
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enclose it. The ])lunger is a sliding fit into this and brings the powder 
under pressure Therefore, with this tyi^ it is possible to load into the 
mould one bulk of powder and the plunger forces this into all the 



Fin 164 Pr \sTic ]\Ioi ldino Procfss Inskrtincj the 
Moi LlJrN(, PoWJ)KR INTO IHL Moi LOS 



Fio. 165 Plastic Moi ldino Pkoc kss Cl-osino the 
Mould, Prior to Applying Heat an]> PiiKSsuitE 


mpresbions Consequently, by using this type of mould much weighing 
or measuring of powder is eliminated. 

3. Plunger or Positive Type Mould. This type of mould consists 
of three or more parts, and is used exclusively in conjunction with 
powder as distinct from 1 ablets. These moulds are not so low in initial 
cost as the flabh type referred to above, but are adaptable for certain 
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classes of work which are impracticable with a flash mould, such as 
very large mouldings, where only one impression at a time is possible. 

The three parts of this type of mould are : (a) The body of the 
mould; (6) the top tool or plunger; (c) the bottom tool, which is 
frequently used for ejecting the moulding. 

(a) The body of the mould is made of such height as to allov the 



Fkj 166 PiA^Tic Moulding Procjess Removing thf Moulded 

Articles 

whole of the powder to be charged into it, so that the plunger follows 
up the powder as it contracts. 

(b) The plunger is made long enough to give the correct thickness 
to the moulding when the top of the plunger is flush with the top 
of the body of the mould 

(c) The lower tool is removable from the body of the mould and 
serves the purpose of ejecting the moulding. 

Moulds are generally made of a good quality carbon or alloy steel, 
suitably heat-treated and highly polished. 

The contrac^tion allowed on mouldings is 0*006 in. per linear inch. 
The ratio between the volume of powder required and that of the 
mould itself is about 2:1; rather more than this, however, should 
be allowed for the flash or spew, etc. 

The Moulding Process 

The actual moulding process is as follows — 

The mould is heated and the powder or pre-formed tablet is fed 
into the mould. This is then put on the hot plate of the press and the 
latter closed. 
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It is necessary to perform this operation as quickly as possible, 
otherwise the powder will harden before the pressure is applied. The 
pressure, as previously mentioned, varies over a fairly wide range. 





Frr.. 1()7. KxA.MPT.r:s on J.AMis^ATnn Fahuic BAKKKiih (Jkahs 

The time of moulding must be just long enough to ensure (‘omplete 
hardening of the material in the mould. The pressure should then be 
released and the article discharged. 

The time for any given moulding varies from a few’ seconds to 
several minutes. 
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Bakelite Laminated 

A particularly strong and serviceable form of Bakelite is now 
made by the application of heat and pressure upon superimposed 
layers of paper or fabric, impregnated with Bakelite synthetic resin 



Fig 1(>S K\ami*i i s av SiAMi*rN< s in Hakfi iti Laminatkd 
lOH Eij.cthical Pi rposks 


The laminated sheets obtained are extremely hard, W'ater- and heat- 
resisting, chemically inert and of high ‘dielectric strength. 

This material is supplied in standard sheets 50 in. x 50 in. and 
downwards, and in thicknesses from 0*004 in. to 2*0 in. in the case of 
paper impregnated sheets and from 0*008 in. to 4*0 in. in the case of 
the fabric material. The thinner sheets can be stamped or pimched 
out to any desired shajie for electrical laminations and similar purposes 
(Fig. 168). 

A special grade in thicknesses from 0*010 in. to 0*125 in. is made 
for telephone insulation. 

Bakelite Laminated is also used for radio panels and for silent 
pinions and gc'ars. In the latter resjiect it comes into the same cate 
gory as fi^bre, rawhide, Fabroil, and similar materials, and is always 
employed in mesh with one or more metal gear w'heels (Fig. 169). 
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FiCJ 169 ILI USTRATINCJ THE USF 01 LAMINATED FaBRIP SiONT 
Gears for MArHiNf!B\ Dbi\ks 



Fig 170 Aircraft CoNiBoXiS using Bakfiite Laminated 
Members 
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A particularly interesting application of Bakelite Laminated Avas 
that for timing gears of motor-ear engines and for magnetos. It vias 
sometimes used for the secondary or camshaft gear, in mesh 'with a 
steel gear wheel of one-half the number of teeth. 

Other applications of Bakelite J^iminated gears include bridge 
cranes, boring, planing, milling machines and hydraulic pumps. 

These gears run silently, are unaffected by oil or water, and will 
run warm without deterioration, moreover, their life is much greater 
than that of steel gears. 

It is unnecessary to employ metal shrouds with this material, 
this is an advantage from the point of view of saving gear-wheel width 
and cost. 

In connection with the design of laminated fabric gears the same 
principles apply as in the case of ordinary gear wheels. 

Bakelite Laminated gear material is made in thickiu'sses from 

in. up to 4 in. For gears with a larger face than 4 in. the jiractice 
is to bolt two or more pieces together to make up the desired 
thickness. 

Sheets up to fin. thick are suiiplied in the standard size 42 in x 
36 in. Above | in. the size is 30 in. X 30 in 

The physical and mechanical properties of the several grades of 
Bakelite Laminated materials are given in Table 114 

The gear material may turned, s.vwn, drilled, tapped, and 
machined in like manner to metal 

Turning tools should be of high-speed steel, tungsten carbide or 
diamond cutting at a similar speed to that for bionze or cast iron 

For turning Uummitid .synthetic material the best tools, in order of 
efficiency, are the diamond, tungsten carbide-tipped steel and high- 
speed steel tools. 

The tool bits should have no top rake and a cutting angle of S0°, 
with front clearance of lO'". The cut can be to ]!, in , but the feed 
should be 0*03 in., regardless of th(‘ cut. The cutting speeds usually 
range from 100 to 40() ft. per min , according to the grade of sheet, for 
all depths of cut. 

Drilling should be done at right angles to the laminations, and the 
drills used should have a point angle of 50*^ to 60 \ a slow angle of 
twist (or helix) and flutes as wide ils possible. 

For drilling parallel to the laminations a point angle of 120‘^ should 
be employed. 

The drilling speeds vary from 1600-10(X) r.j),m. for drills up to J in. 

* Full particulars concerning maclnning and tools for Hakclitc Laminated are 
given in a publication issued by Bakelite Ltd., London, 



TABLE 114 

Properties oi B\kelite Laminated Material^ 
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diameter to 600-100 r.p.m. for those of | to 1 in. diameter. A rapid 
feed is recommended and an air blast to keep the drill cool. 

For rnilling purposes high-speed steel cutters Avith at least six teeth 
per inch should be used. The cutting speeds vary with the tool design 
but a good guide is to use a speed of 400 ft. per min. for a 5-in. diameter 
by 1-in. wide cutter. The teeth should l)e well backed off. 

Applications, Bakelite Laminated has now a wide field of applica- 
tion on account of its good physical and mechanical properties. Apart, 
from its uses as a decorative and structural material for veneers and 
panels of buildings it has many mechanical applications, being superior 
to wood and metal in many instances. It is employed for bearings of 
heavy shafts (as previously mentioned in Chapter VII) and gear wheels ; 
spur, helical, mitre, and herringbone gears have been cut successfully 
in this material. 

The idler gear on the camshaft drive of gear-driven timing arrange- 
ments of jK'trol engines is often made of this laminated material. 

In airiTaft construction it is used for fairlead pulleys and guides, 
instrument panels, electric wiring conduit, aerial masts, supports, etc. 

TIutc arc many uses for this material in electrical engineering, 
notably for insulated components- whicJi are punched from the lam- 
inated sheet — ^telejihone ajiparatus, and for radio apparatus, w^here 
terminal panels, \<il\c holders, bushings, coil frames, spools, mounting 
platforinh, etc , are made of it. The material is also used for the insula- 
tion of 132,000 volt transformers and switchgear, for electrical instru- 
ments, barriers between circuit breakc'rs, laminated tubes for high- 
tension current conductors, square and rectangular tulies for insulating 
bus-bars, switch rocker-bars, fuse panels, railway signalling devices, 
electric clocks, etc. 

Simple sha])es can be moulded in Bakelite Laminated (fabric or 
paper) in steel moulds under heat and pressure, such mouldings 
are much strongiT in tension and impact values than the ordinary 
material. 

Synthetic-resin Bonded Fabric Sheet 

The British Standards Institution Specification No. 972 — 1941 
describes a bonded fabric sheet for mechanical and electrical purposes, 
made in three qualities with different numbers of threads per inch in 
warp and weft w^hich has minimum tensile strengths of 14,000, 10,500 
and 90001b. per sq. in., and cross-breaking strengths* of 20,000, 
18,000 and 16,500 lb. per sq. in. respectively. 

♦ Modulus of rupture values. 

14 — (1.3303) n 
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Plastics for Aircraft Purposes 


In recent times a good deal of attention has been given to the use 
of plastic materials for aircraft constructional purposes and a certain 
amount of experimental work carried out, in some cases with promising 
results. The principal objects in view arc the eventual utilization of 
j)lastics of suitable ])hysical and meclianieal properties for the produc- 
tion of some of the stressed parts of aircraft, notably the wings, control 
surfaces, fuselages and airscrews. 

Whilst it is not difficult to obtain some of the desirable physical 
and mechanical properties, it is at present not possible to obtain the 
necessary combination of all the essential properties under commercial 
conditions of manufacture, and there remain ciTtaiii difficulties to be 
overcome before this material can be regarded as a rival to other 
modern aircraft materials used for structural parts. 

It has been shovn in the ])receding jiaragrajilis that the strength 
properties of synthetic-resin ])lastics can be increased (‘onsiderably by 
the addition of reinforcing materials, including wood-hour and fabric. 
Other materials that have been employed with promising results in- 
clude cord, fine fabric, felt, cellulose fiuif, paper-])ulp fibre and cotton. 

In this manner the tensile strength of tlie original synthetic resin 
base material, namely, 5(KM)-<)0(K) lb. })er s(p in., (‘an be increased to 
about 40,0001b. p(*r sq. in., in one j)arti(‘ular instance of cord rein- 
forcement values up to 09, 000 lb. j)er s(|. in. have been obtained. 

The usual tensile strengths of fabric reinforced resins ol’ commercial 
origin range from 20,(K)0 to 2S,000 lb. per stj. in., the conqiressive 
strengths are usually of the same order or rather higher by 10 to 15 
per (‘ent ; in certain cases, however, the value's an' appreciably lower. 

The specific gravities of reinforced syntlu'tic resins generally lie 
between the limits of 1-34 and 1-38. 

From the point of view of the specific strength as denoted by the 
ratio of tensile strength to specific gravity, several of the reinforced 
plastic materials compare favourably with the light liigh -strength 
alloys. Thus for a tensile strength of 24,(K)0 lb. per sq. in. and specific 
gravity of 1-36, the sjiecific strength is 17,(550 as compared with 19,900 
for duralumin and 19,700 for wrought magnesium alloy. 

A more recent felt base synthetic (phenolic) resin* employs fibres from 
the inner bark of a tree which are arranged in a manner similar to 
that used in paper making, the fibre length and texture being carefully 
controlled during manufacture. This material can be moulded into 
thin sheets of various shapes suitable for aircraft purposes. It has a 


♦ 

1938. 


“Plastics and Production,” S. C. Hart Still, The Aeroplane, 8th November, 
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tensile strength of 28, (KX) lb. per sq. in. ; compressive stress of 25,000 lb. 
per sq. in. ; shear stress of 00(K) lb. per sq. in. ; and modulus of 
elasticity of 2*77 x 10®. The 01 per cent proof stress value is 24,600 lb. 
per sq. in. The specifit* gravity is 1*38. 

An interesting (*omparison between the specific strengths of cer- 
tain high-strength light alloys and this felt- base plastic is given in 
Table 115. 

TABLE 115 

SpE( JFK’ STRKN<miS OF AiRCRAI^T' MATERIALS 


M atonal 

i 

1 

0*1 po! coni 
Piddf 

S(i. 1 

1(>» I 

Toiimlo 

1 

K 1 JS 

' S.D 

10* 

S.D. 

10® 1 

j 

S.(J.2 

10® 

H igli-gra(l<' aluini- 

niiini tilidy 

2 2t 

1 07 

3 (5 

— 

Mapiosiiun allo\ 

U H5(i 

1 07 

3-57 

1*96 

Duralumin 

1 m 

1 00 

3 72 

1*32 

Alolad 

] 1 1 

1 1 iir> 

3-64 

1-32 

Foil baso ]>lastic 

1 7S 

2 o:i 

2*0 

1 45 


The values in the last column on the right are included since they 
have a dire(*t bearing on modern stressed skin construction ; they 
may be used as a buckling criterion for fiat })anels vhich have the same 
superficial area and ^\eigllt. 

The results given in Table 115 indicate that the felt-base plastic 
compares very veil with the light alloys in s]:)ecific strength values, 
although the modulus of elasticity is appreciably lower; the specific 
proof stress \alue, hoveviT, is higher than that of the other alloys 
with the exception of the high-grade aluminium alloy; the 0*1 per 
cent proof stress and tensile stnuigth of the latter are taken as 62,700 
and 74,000 lb. per sq. in. respectively. 

In (*onnection with the possible application of the felt-base plastic 
for aircraft construction, some comparative values for strength and 
stiffness an' given in Table 116; the values there given have been 
computed from the following relations — 


Relative Weight — 




Relative Stifihesa = 
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where / is the maxinuim stress in the beam, E the modulus of elas- 
ticity and S.G. the specific gravity. 


TABLE IK) 

COMPABATR^E VALUES FOB StRENCJTIIS OF BeAMS 

(S. C. Hart-Still) 



Kelatn e 

VV eight 

Kelative Stiffness 

Material 

1 

Stressed | 

Stressed to 

Stressed to 

1 Stress(*d to 

1 

1 

Idtiinato 1 
1 "IVnsile 1 

1 0- ] per cent 
Proof Stress 

ritimate 

’^IVnsile 

1 

1 0* 1 per cent 

1 Ih-oof Strt^ss 

1 __ 

High giade alimii- j 

niuiu rtllo> . 1 

1 h 1 

1 0 j 

1-0 

10 

Magnesium allo\ 

1 (Hi 

J 28 

1 7 

2-56 

Duralumin 

1*22 

1-09 

1-52 

2-41 

Felt base plastic 

0 96 

9 92 

1 

0 97 



1 



\ 
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Another promising plastic material at present in the exi)erimenlal 
stage is synthetic resin reinforced with fabric of flax cord type which, 
in the direction of the cords, gives tensile, compressive and sliear 
strengths of 69,400, 30,2(K) and 2000 lb. 7 )tT sq. in. req)ectivel\ . The 
modulus of elasticity is 7-4 X 10® lb. per sq. in., and sjiecific gravity 
1*45. With this material it is ])ossible to obtain im])roved compres- 
sive strength, but at the (*xj)ense of tensile strength, or reduced com- 
pressive strength with increased tensile strength and elastic modulus. 
The shearing strength value, namely, 2000 lb. per sq. in,, is quite low , 
since for other reinforced j)lastics of lower tensik' strength the values 
are from 6000 to 10,000 lb. per sq. in. 

As a further example of a strong plastic material mention is made 
of cellulose ftiff impregnated with a phenolic resin which is available 
initially in the form of thin cardboard sheets and then moulded under 
a pressure of about 2 tons per sq. in. at 150" (\ The tensile strength of 
the board thus obtained is 22,(J00 lb. per sq. in. ; compressive strength, 
22,500 lb. per sq. in. ; shear strength, 7000 lb. per sq. in. ; modulus of 
elasticity, 2-1 x 10® lb. per sq. in. ; 0*1 per cent proof stress, 12,500 lb. 
per sq. in. ; specific gravity, 1'39. 

This material has been used experimentally for moulded wrings, 
tail planes and fuselages. 
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An interesting comparison between the mechanical properties of 
representative reinforced synthetic resins is given in Table 117.* The 
materials in group (A) are commercial ones ; those in group (B) were 
sjiecially developed for experimental airscrews; and group (C) is the 
jireviously mentioned material used experimentally in aircraft 
construction. 

Fatigue Resistance of Reinforced Plastics, An important item that 
must be taken into account in considering the use of these materials 
for the stressed parts of aircraft is that of fatigue resistance. In this 
connection Dr. Gough has given the Wohler endurance limit for a 
fabric reinforced synthetic resin of tensile strength 14,6001b. per 
sq. in. (longitudinal) as i 5800 lb. per sq. in. for 10,000,000 cycles ; 
the specific gravity of this material was 1*32. 

For R.R.50 wrought aluminium alloy of 2*75 vS.G. the endurance 
limit is about ± 20,000 lb. per sq. in., so that on a weight basis this 
alloy is very mu(‘h better than the plastic material. 

Reinforced plastics possess good damping characteristics. In this 
connection the energy absorption in torsional oscillation is about 
twenty times that of aluminium. 

The water absorption properties of these materials is a factor that 
must be considered, since any attempt to obtain high tensile strengths 
by reduction of the resin content is accompanied by a reduced resis- 
tance to water absorption, so that the stressed material is then liable 
to volumetric changers and possibly to eventual disintegration under 
load. 

Shrinkage and (Compression Allowance. In the solidification of 
plastic materials of the phenol-resin base type a certain degree of 
shrinkage occurs, so that due allowance should be made in the design 
and dimensions of the moulds. For materials of tlie Bakelite type 
with fillers of asbestos, \ery little shrinkage occurs, but for ordinary 
Bakelite a shrinkage^ allowance of 0*006 in. per linear inch should be 
made. Each particular moulding composition has its owm definite 
shrinkage allow anc(', which for different proprietixry plastics varies 
from 0 0025 in. to 0*008 in. per linear inch ; the (*ompression ratios 
employed vary from 1*8 to 1 to 3*0 to 1. 

In general, reinforced synthetic resins lend themselves to speed 
and ease in production of aircraft parts, for com])lete wing and fuse- 
lage sectioris are capable of viass^prod action, using suitable moulds and 
materials. The problem of making satisfactory joints is one that has 
not betm fully solved, whilst adhesion in the manner of gluing wooden 
parts presents certain difficulties. 

* “Materials of Aircraft Construction,’* H. J. Clough, Aeron. Joum,, 1938, 
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The absence of corrosion attack in these materials and the ability 
to produce extremely smooth and polished surfaces — without the 
usual rivet heads or depressions of the metal- constructed aircraft 
parts — are further advantages. 

In the U.S.A. certain new plastic materials, using Nylon and Saran 
reinforcings, are claimed to have the strength of steel, and to be suitable 
on a strength-to-weight basis for aircraft construction. 

In connection with the use of large parts moulded from plastic 
materials these would require very large presses capable of producing 
a pressure of the order of 2000 lb. per sq. in., so that the design of 
these would be complicated, the sizes considerable, and the cost a 
heavy one. 

Bakelite-faced Wooden Spars 

To strengthen Avood spars employed in aircraft construction a new 
typo of Bakelite laminated material has been developed which has 
a wood surfacing. This wood faced laminated material is intended 
for use where the ends of the members are subjected to heavy shearing 
or bearing forces. By a special process of manufacture, the adhesion 
between the wood fac(' and the core of Bakelite material is finally 
greater than that of the shear strength of the wood, while the AAood 
surface itself is unaffected by any penetration of the synthetic-resin 
bonding material. In effect, therefore, a member so Ireated will retain 
the natural properties of wood and can be joined to other wooden 
members by gluing. 

A typical example of one of its uses is the jointing of wing spars to 
the fuselage in Avoodeii aircraft construction. Because of the liability 
to s])litting and the low^ bearing strength of the w^ood, a large number 
of bolts is required. The new material, hoAAever, has a very high 
bearing strength, the permissible loading being 25,0001b. per sq. in., 
and when inserts of th(‘ material are incorporated the strength of the 
joint is greatly improved to the extent, as show^n by tests, that only 
one-half the number of bolts is required. The inserts are easily slotted 
into the wood members and glued in position or glued on to the outside 
of them. 

Plastic-bonded Plywoods 

Hitherto the plywoods that have been used in aircraft (‘onstruc- 
tion have I'onsisted of thin veneers of selected timbers such as birch, 
ash, beecli, etc., glued together with hide glue (used hot) or cemented 
with cold casein cement under pressure. The resulting plywoods, 
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however, were open to the serious objections of relatively low mechan- 
ical properties for their densities, variation of moisture content 
with consequent variation of strength properties and, in the case of 
casein glue plywoods, open to attack by mould (fungi) and water. 
Thus, the plywoods in question did not possess constant physical or 
mechanical properties under the conditions of usage. 

These objections — which were mainly responsible for the discarding 
of these plywoods for aircraft stressed parts — liave more recently been 
overcome by the use of urea-formaldehyde resins as impregnating and 
bonding materials; moreover, the resultant product has been shown 
to be of high specific strength value and j)ermanent in character — 
except for very low moisture absorption which do(‘s not appear to 
affect the mechanical properties. 

The synthetic resin may be applied in liquid form to the surfaces 
of the veneers or in the form of resin-soaked sheets of paper of about 
0*1 mm. thickness, which are dried before placing between the veneers. 
The assembly is then united at 140° C. in a suitable press of the usual 
plywood type. The joints thus obtained are exceedingly strong and 
permanent. Various processes have now In^en developed in conne(‘tion 
with the manufacture of plastic- bonded i)lywoocls. These largely fall 
into two principal classes as follows — 

(1) That in which the synthetic resin is used primarily as a binding 
medium for thin veneers by application as a surface layer, without 
previous impregnation of the wood, followed b> the apj)lication of 
both heat and pressure. 

(2) That in which rather thicker veneers are used and are im- 
pregnated with synthetic resinous material, the veneers being then 
assembled into layers with the grains arranged in different directions 
and finally heated and pressed to form pt*rmanent sheets. It is possible, 
by suitable arrangement of the veneer grain, selection of the number 
of veneers and degree of compression., to vary the strength along the* 
length of the sheet so that beams of equal strength in bonding can be 
produced. 

In regard to the former method, owing to the lower jiroportion of 
resin to wood, the density is low^er and the specific strength higher. 
As the resin content of the plywood is increased the density increases, 
so that by a suitable variation of resin the density can be altered 
between the limits corres})onding to sjieeific gravities of about 0*7 to 1*4. 

In regard to the physical properties of such plywoods, the results 
given in Table 118 relate to tests* made at the Royal Aircraft 

* “Laminated, Compressed and Impregnated Plywoods,” W. D. Douglas, 
Air Ministry Report, 1938. 
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Establishment on seven samples of laminated birch and one of 
laminated beech. 

TABLE 118 

Physical Properties of Plastic Bonded Plywoods 


Material 

1 1 

Density 1 

lb. per cub. ft. 

L 1 

Specific 

Gravity 

Number of 
Voneoib per 
inch thicknes'a 

Solid birch . 

44 1 

0-71 

' 1 

Lamiiiuted birch 

45 6 

(>•73 

13* 

Laminated birch . 

54 5 1 

0 87 


Laminated birch . 

56-4 

0-90 

1 

49 1 

Laminated birch 

62 2 1 

1 00 

20* 

Laminated bircli 

69 1 

110 

34 

Laminated birch 

86 

1 H8 

81 

Laminated beecdi 

1 86 9 ' 

1 39 

12 


The densities and mechanical strength pro{)erties of these ply- 
woods are represented graphically in Fig 171.J In connection with 
the density graphs shown on the left, if radial lines be drawn from the 
zero or origin of the two scales these will represent lines of constant 
specific strength, i.e. strength divided by density Thus, the line 
marked xx has been drawn through the experimental value of the 
tensile strength of birch wnod, and may be used for comparing the 
corresponding values of the laminated woods of curve A. The line 
yi/ refers to the specific strength of duralumin having a tensile strength 
of 25 tons per sq. in. 

Mention may also be made of an ijccecdingly strotig pla^sUc bonded 
plywood vsing hickori/, having a density of 59-7 lb per cub. ft., and 
tenvsile, compressive and shear strengths of 36,5(H.), 23,000 and 4600 lb. 
per sq. in. resjiectiv ely. The elastic modulus is 6*9 X 10® lb. per sq. in. 

In regard to the fatigue resistame of thes( plywoods, the latter 
exhibit characteristics similar to metals and ordinary woods. Thus, 
Wohler tests made upon a laminated wood having a tensile strength 
of 30,(K)0 lb. per sq. in., and density of 701b. per cub ft., gave an 
endurance limit of £ 8300 lb. per sq. in. at 5 x 10^ reversals of stress. 

Aircraft Applications. The so-called plastic method of construc- 
tion of aircraft refers to the use of plywDods using thermo -setting 
synthetic r(‘sins, which are moulded or formed to the required shapes 

♦ Veiieors treated with rosni iii liquid form; all others with iiiterleaM'd dry 
resm films. 

{ Every eighth veneer with gram transverse ; all others longitudinal 
Ante, page 416, note. 
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and sections by special methods which differ considerably from those 
employed for ordinary ])lastic moulding processes. 

When moulding with \eneer it is necessary to fit the w^ood into or 
around the mould, and to use vS(»me means of applying the plastic 
between the layers before pressure is applied. As a true hydrostatic 
condition is not establislicd it is necessary that one-half of the mould 



Fi(. 171 "I’f STS ON Laiminaiii) (’(tMi*jn>ssja> and Ti\n»KT on vi m> Wood; 
{Si\ oi Hiudi, Ond oi Hi.m ii , adso Sot.id Huk h 

A Ihimatf toiisile longitudinal 1i I lliin.iti tinsih IransMrsi f Modulus 
of ru]»tiiri* in lundinu 1) (ouipnssm sti< imth Loiuntiidin i1 A (oiupussiM* 
struKrtli liausMiM /’ "N miuK s modulus ( A) longitudinal (} A ouuk’s modulus 
(K) Trans\(rs(' // Not< lu d bti impact / slu ar st i« nfitli . 1 oiu.,itudinai pinllid 
to laminations A Shiarstnnpth 1 onjiitudin il ti ins\( isp to laminations A - shiar 
strcn^li 'I I tnsM (s( pat ill< I to laimnatiuns. 


should be \ielding, unless the parts moulded are flat or shallow , or in 
instances where the pressure can be apjtlied uniformly all over the 
surface. 

In the most favoured method th(‘ principle enijiloyed is that of an 
inflatable rubber bag as one of the halves of a ])air of moulding disc ; 
this metliod avoids the necessity o^* an expensive pair of matched 
dies. 
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Various patented processes which have been employed in the 
United States for making moulded plywood parts of aircraft, e.g. 
fuselages, wings, floor units and smaller components, include the 
Duramold, Timms and Vidal ones.* Each of these methods utilizes 
the rubber bag principle. 

Fig. 172 illustrates a methodf employed to mould the half sections 
of fuselages. It uses inner and outer dies of metal or wood. The inner 
mould is shown at A, the rubber bag at J5, outer steel shell at C and 
base-plate at D. At is indicated the pressure connection for air, 
steam or hot water. The shell O is of cylindrical shape and is bolted 
to the base-plate IJ. The veneer parts are cut to such tapers that each 



layer covers the preceding one completely without any overlaps. The 
layers are held in position by means of tacks, paper or cloth tape, 
steel bands or wires. The deflated rubber bag is placed over the 
freshly spread veneers, and the outer shell is then fitted over the 
whole and bolted to the base. The rubber bag is then inflated with 
air, hot water or steam, so that the veneers are forced together and 
bonded solidly; wooden frame bracing members can be inserted into 
suitable moulds and the plyw^ood bonded to them at the same time 
a»s the veneers are consolidated. 

In the Duramold process duralumin sheet metal of ^in. thickness 
*s employed. This is made possible because pressure and heat are not 
applied from one side only, but from all sides, by placing the entire 
mould and its contents and cover in a tank to which steam at 100 lb. 
per sq. in. pressure and 150*^ C. temperature is admitted. As the 
mould is “female” and is made very smooth on its inner surface the 
resulting plywood shape is also extremely smooth. The veneers usually 

* Described in Automotive Industries^ 15th January, 1041. 

t “Aircraft Plywood,” Aircraft Production, June, 1941. 
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employed range from to in. in thickness. The edges of the veiieei 
strips are cemented together l:)efore the strips are set in the mould. 
Alternate layers of veneer are placed \^ith their grains at right angles 
to those adjacent. As a rule a sheet of tissue paper impregnated with 
phenolic resin is placed between each layer, whilst for the outer sur- 
faces a resin dissolved in alcohol is sprayed all over; the alcohol 
evaporates and leaves a coating of resin for coating }>uri)oses. Adhesive 
tape is used to hold the plies in position in the mould. The number 
of plies employed is varied over the mould area according to the 



Fig. 173. AnicK\FT Floouivg madf. of Plasvh -bonded 

T*1A WOOD 

strength requirements, so that the resulting moulded shape ])ossesses 
the full strength needed at each and every section 

In view of the fact that thick sections require a longer jxTiod for 
the resin to melt and consolidate than thin one^, fine-wire thermo- 
(‘ouples are embedded in the centres of tlie thick si'ction.s to (uiable 
the temperature to be measured during the moulding process. When 
the veneers, resin and thermo-couples are in ])lae(‘ the contents of the 
mould are covered with a rubber blanket and th(' latter is c‘lam])ed 
to tlie mould at th(‘ edges in such a w^ay that the contents of the mould 
are completely sealed. The air is then exhausted Ironi the mould by 
means of a vacuum taj) connection and the assembly is slid into the 
steam tank. The period of time required for moulding sections up to 
I in. thickness in the steam tank is 10 to 12 min. The compJet(‘d 
mould contains from JO to J4 per cent of its weiglit of r(‘siu. 

Aircraft parts up to 10 ft. in diameter by 20 ft. long can be made 
by the Duramold process. In this connection an exj)erimental air- 
craft known as Model 40 Fairchild, with its fuselage mad(‘ by the 
process in question, has made successful flights. Other experimental 
aircraft flown in the United States have their fuselages, control sur- 
faces and wings made from laminated ])lywood. 

Fig. 173 illustrates a section of aircraft flooring made by the 
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Duramold process. The core plies used are poplar of in. thickness. 
At each side of the core wood are two plies of birch, those fitting into 
the channels being formed in U-section with a radius at the inner 
corners. Flooring made in this manner weighs about 0-7 Ib. per s(|. ft., 
and is caj)able of supporting a distributed load of 400 lb. per sq. ft. 

Other ])arts made by the moulded resin plywood processes include 
wing sj)arH, ribs, gussets, skin coverings, w ing tanks for petrol, ailerons, 
rudd(*rs, tail ])lanes, (devators, ])ilots’ scats, and airscrew blocks. 

Improving the Bearing Strength o! Wood 

A])art from the requirements of high ttmsile, compressive and shear 
strengths for minimum weight, plyw'ood constructions used in aircraft 
must also ])ossess ad(‘quatc bearing strengths at jdaces where bolts 
pass through. For this purpose laminated and compressed material 
ofler c*onsid(‘rable advantag(‘s over ])lain woods. If, in addition, 
fabric inscT-ts are empl()y(*d at thes(‘ places, a marked increase in 
bearing strength (*an be obtained. The results of tests mentioned by 
J)r. (ilough* made iqxm silver spruce showed that the laminated 
material was 2*4 and 4*4 times as strong (according to the orientation 
of the laminations) as ordinary wood, while the addition of fabric 
inserts raised the value to ()*4 times. For this reason composite beams 
and structural components are now made where the compnssed wood 
is rdnforcid loraJhj to withstand th(‘se shearing forces 

Hollow Moulded Airscrews 

Airscrews made as hollow Bakeliti* mouldings reyiresent another 
more recimt a])pli(Mtion of reinforced synthetic' resins. They possess 
excellent strength, resistance to corrosion, damping capacity and good 
fat igue resi.st ance . 

.\t the* time of th(4r inception these airscrew blades were the largest 
mouldings y(‘t made in which continuous Icngtlus of fabric in (*ord or 
shc(4 form were used. TJie threads at the root end forming the flange 
are unbrokem throughout the whole length of the blade except where 
no(*(‘ssitatc‘(l by the gradually reducing eross-sec'tion. A core of fusible 
metal is accurately located in the eentre of the blade and around this 
the reinforced material is moulded and compressed. A high-frequency 
furnace is employed to melt out the core metal without damaging the 
blade. 

A fabric treated with Bakelite resinoid, known as Texolex, has 
been adopted for the manufacture of cylinder, barrel and shim plate 


page 41o, note. 
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chafing rings on the de Havilland V.P. airsore\^ mechanism ; it is also 
used for pistons and cylinders for the hydraulic o})erating gear of under- 
carriages and is being tried out by two hydraulic gear manufacturers 
for further applications in connection Mith hydraulic mechanisms on 
aircraft. 

Barrel supports on the de Havilland \\P. airscrew mechanism 
are moulded from fabric impregnated witli Bakelite resinoid. A barrel 
support is positioned between the spider and the barrel providing a 
solid support on three sides tor the latter. In addition it locates the 
barrel so that the blade IxNiring rings and races do not fret against 
the inside face. 



CHAPTER XJI 

RUBBER AND ITS COMPOUNDS 

The name “rubber’' is given to a number of (lift’ereiii natural gums 
possessing certain common f)roperties and constituents, and also to 
synthetic or artificial rubbers. 

The chemical designation of rubber is rather indefinite, but its 
synthesis shows that it belongs to the terpene series of the general 
chemical formula In addition, many of the crude rubbers 

contain ])roteids, resins, hydrocarbons, and other substances, which 
have to be removed by difiRTCMit jirocesses. 

The constituents of rubber are contained in tlie milky tluid known 
as latex, whicli is obtained by the incision and tapping of the bark of 
certain tropical trees, vines, and shrubs. 

The latex, which is contained in vtTlical tubes or vessels in the 
inner bark, and which must be distinguished from the sap, has the 
appearance of thin cow ’s milk, and the (Tude rubber is obtained from 
it by the process of coagulation. 

The materials employed to obtain coagulation vary with the 
different sjiecies of latex, and the\ include a(‘eti(‘ a (‘id, alcohol, air 
(fermentation process), blood, alum, lime and lime jui(*e. Certain 
agents, such as heat, sunshine, and smoke, also proimde coagulation. 
Much of the best Para rubber is obtained by exposing the latex to the 
smoke of burning palm-nuts. 

(W^pe Rnbher, This is ])roduced from the coagulated latex by put- 
ting it through a series of jxiwcrful differentially-geared roller machines 
under a stream of water to wash awa> the impurity known as the 
serum. The final product consists of thin sheets with a grained or 
corrugated surface. These are hutig in the air to dry and yield the 
pale cr5pe rubber of c*ommerc*e. 

Crepe rubbc^r is elastic to some extent , but dot‘s not compare with 
the commercial rubbers ])roduced by vulcanization with the use of 
fillers and accelerators. Its tensile strength may be as high as 0*5 ton 
per sq. in. in the best varieties. 

Crep)e rubber is sometimes employed as a substitute for leather 
w^here abrasive action occurs. 

The excellent abrasive resistance of raw^ rubber has led to its 
application for many engineering purposes. Thus it has been found 
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far more lasting than steel for the lining of ball mills and the floors 
of dredgers. 

A sand blast which will remove in. of mild steel in a given period 
of time will not have any apparent effect on a suitably compounded 
and vulcanized rubber. 

In some cases rubber is used as a binder, as in asbestos packing, 
5 per cent being sufficient to hold the materials firmly together. 

Purification of Rubber. The crude rubber obtained by the coagula- 
tion process is next treated to eliminate mechanical impurities by 
washing, the rubber being washed in hot water and then disintegrated 
or torn into small pieces in a s])eeial machine through wliich water 
IS constantly circulated. The rubber pieces are then dried by passing 
through rollers, during which process they beconu' flattened out into 
thin sheets. 

The next process consists in mixing with the crude rubber certain 
substances for hardening, filling, colouring, (‘heai)ening and generally 
improving the rubber for its various commercial purposes. The num- 
ber and the nature of the substances employed vary with the type of 
the crude rubber, and de})end upon its intended use. Amongst the 
materials employed for cheapening and filling crude rubber, and at 
the same time improving its mechanical properties, may be men- 
tioned sulphur, oils, resins, tars, whiting, wffiite lead, talcs, barytes, 
clays, reclaimed rubber and rubber substitutes. 

Fats, w^axes and oils are* also used to facilitate the mixing process, 
whilst bitumens such as tar, asphalt and ])itch are employed for bind- 
ing, frictiomng and mixing purj>oses. 

Pigments such as lithopone, vermilion, zinc yellow, lampblack, 
oxide ol iron, antimony, arsenic and mercuric sulphides, graphite, etc., 
are incorporated with the fillers for the purpose of colouring the 
finished rubber product. 

The black pigments available are more finely divided than the red 
ones giving the red rubbers, e.g. one of the sulphides of antimony. 
The black yiigment employed consists of finely divided <*arbon obtained 
by the imperfect combustion of natural gas , it is known as ga^ black. 
Rubber goods containing from 10 to 20 per cent of this powder 
show toughness, resiliency, abrasive -resistance and energy-absorbing 
capacity. 

Another material used in high-grade rubbers is colloidal clay 
prepared from China clay by a special process giving a very fine 
precipitate. 

The more recent trend in rubber manufacture is to employ the 
extremely finely-divided gas black, which acts as a reinforcing agent, 



RUBBER AND ITS (COMPOUNDS 


427 


in increasing proportions, so that at present it is used for the treads 
of automobile and aircraft lyres in percentages up to 50 of the rubber 
weight with improved toiighness and resistance to tearing. 

Conducting Rubber, By tlie use of a carbon black powder filler 
which is free from the non-conducting layer found on natural gas 
black, it has been possible to make rubber electrically conductive so 
that when used for the tyres of aircraft wheels it enables the static 
charge on the aircraft to ^be discharged to earth immediately the 
wheels touch the ground wlien landing. This rubber is also employed 
for the de-icing leading edges of aircraft wings, and in this application 
is earthed to the main metal frame system. The use of such rubber 
enables trailing ^\i^es and chains hitherto employeHl for discharging 
the electric charge on motor vehicles and aircraft to be dispensed 
with. 

Incidentally, the electrical conductivity of this conducting rubber 
is about ten million times that of pure rubber. In the case of aircraft 
wheels, it is the practice to spray the inside of the ^^heel rim with 
aluminium in order to obtain good electrical contact uith the metal 
of the rim. ' ^ 

Use of Reclaimed Rubber, A good deal of waste rubber, such as 
that obtained from old motor tyres, is used in rubber manufacture. 
As most goods, for example rubber tyres, are black, the bulk of the 
reclaimed rubbiT is also of this colour, so that black goods containing 
reclaimed rubber arc more in evidence on this ac(*ount. The propor- 
tion of reclaimed rubber usually advocated in the betttT grades of 
rubber is from 5 to 10 per cent. 

Softeners. These are now almost universally used, as otherwise it 
is not possible to distribute the gas black uniformly in the rubber. 
The incorporation of oils and soft plastic* substances with rubl)er 
must to some extent detract from the physical properties of the 
vulcanized product, but the benefit derived from the use of gas black 
and other finely divided materials much more than compensates for 
the 5 per cent or so of softener used to introduce it. A large number of 
oils or waxes are used for softeners. One of the most favoured is palm 
oil. Mineral oils are sometimes used; also bitumens and petroleum 
distillation residues. P'inally, there is a large number of miscellaneous 
substances which may be incorporated with rubber, the commonest 
of which is ground rubber waste, so-called rubber substitutes (vul- 
canized oils), glue, etc. With the newer methods of vulcanizing, in 
which the temperature is kept low, a vast number of organic sub- 
stances becomes available which cannot be used at the ordinary 
vulcanizing temperatures — one may instance ground wood (wood 
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flour), wood pulp, ground cork, leather waste and waste fibre of all 
descriptions. ' 

Vulcanization. Most of the commercial rubbers are produced by 
the process of vulcanization, which consists in mixing sulphur with 
the rubber and heating the mixture to a temperature above the melting 
point of sulphur. 

The sulphur combines with the rubber, the resulting coin])ound 
being stronger, more elastic, and less affected by temperature changes 
than the' pure rubber itself. 

The temperature of vulcanization is about 12()''C. to 150 (\, but 
it varies somewhat with the })roportion of sulphur and the grade of 
rubber. 

About 6 i)er cent of sulphur, by weight, is employed in the vul(*aniza- 
tion of the majority of articles used for me(‘hani(‘al ])ur])oses. For 
rubber shoes, coats and other black rubber goods, about 3 per cent 
of sulphur is used whilst in the case of press-cured articles, such as 
rubber belts, about 8 jxt cent is embodied Vul(‘anite and ebonite 
contain larger quantities of sulphur, and require higher temj)eratures 
(above 140“ C to 150 C ). 

Vulcanized rubbers are cleaner, stronger, more stable and more 
elastic than crude or pure rubber. 

The vulcanization process is employed (‘ommercially for the repairs 
of cuts in treads of t\Tes, for patching or rc])airing inner tubes, fixing 
new treads to worn tyres and general repairs, and building up with 
rubber various firoprietary articles made from rubber. Tlie grade of 
rubber employed must be sufliciimtly strong and elastic; ])ure Para 
rubber is generally used for this ])urpose. 

Various grades of rubber are produced by the vulcanization ])rocess, 
the softer grades containing smaller amounts of sulfihur and requiring 
lower temperatures, whilst the harder grades contain greater amounts 
of sulphur and lu'ci'ssitate higher temperatures 

Soft-grade rubber is used for soft y)ackings, tubing and erasers. 

Medlurr} -grade rubber is used for a variety of commercial purposes, 
including rubber sheeting, canvas-ply tubing, hose piping, automobile 
and aeroplane tyres, balloon fabrics, shock-absorbers, surgical and 
other goods. 

Semi-hard rubber is a hard rubber intermediate between medium- 
grade rubber and vulcanite ; it contains more sulphur than the former 
grade, and is harder but not so elastic, it is used for rubber wearing 
surfaces, brake-blocks, buffers, etc. 

Hard rubber compounds, such as vulcanite (red) and ebonite (black), 
contain higher proportions of sulphur a^jd require higher vulcanization 
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temperatures; these materials are noted for their high insulation 
properties and are much employed in electrical work. 

Vulcanized Rubber Articles 

The usual method of vulcanizing rubber for the manufacture of 
articles used by engineers consists in heating it in moulds. These 
are made of metal, generally of steel, although sometimes aluminium 
and other alloys are used ; copper alloys are, however, always avoided, 
as copper has a deleterious effect on rubber. The moulds are made in 
two or more parts and may be of complicated construction for an 
article of complex shape. A piece of the unvulcanized rubber mix, 
or dough, is placed in the mould which is then closed by the application 
of pressure either in a suitably designed press or by means of bolts. 
The moulds are then placed in a steam pan and heated for the correct 
time and temperature. Alternatively the moulds, which in this case 
must be provided with smooth parallel outer surfaces, are heated by 
being jilaeed between the hollow platens of a pr(‘ss. These vulcanizing 
presses perform the double purpose of apjilying the jiressure necessary 
to close the moulds and then the heat to vulcanize the rubber by 
passing steam into the hollow platens. The amount of rubber dough 
put into the moulds must be ascertained and kept constant by weigh- 
ing, as if too little dough is put in the article will be defective and if 
too much there will be waste wdiich cannot be used again unless it is 
reclaimed. 

The cost of the mould is an important item in the final cost of 
rubber articles if only a small number is required. Rubber can be 
vulcanized without moulds, but it is not possible to obtain a hard 
dense product with a w^ell-defined shape without a mould.* 

Motor Ti/ns. The inner tube of a motor tyre is usually made by 
winding a shet^t of rubber dough round an aluminium mandrel and 
then wrapping this tightly with a strip of calico wound spirally over 
the rubber so as to confine it during vulcanizing. The latter operation 
is carried out with steam under pressure. This method is also used 
for making rubber hose. 

Ebonite 

Ebonite, as previously explained, is produced as a harder rubber 
compound containing higher proportions of sulphur and requiring 
higher vulcanizing temperatures. 

Mechanically, ebonite is brittle, but it can be worked, turned and 

* Fuller particulars are given m Rubber and Engineering, The Rubber 
Growers’ Association, London. 
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polished; for turning, a higli speed and sharp-edged cutting tools of 
high-speed tool steel or tungsten-carbide tipped are required. The 
“tensile strength is about 1000 lb. per sq. in., and the compressive 
strength from 1800 to 2400 lb. per sq. in. 

The specific gravity varies from 1*20 to 1*25. 

Ebonite is insoluble in water, but is attacked by oils, petroleum 
spirits and ozone. 

The resistivity of ebonite is of the order of 10^® to 10’® ohms- 
centimetres at ordinary tem})eratures, but it is readily reduced by the 
presence of dirt or moisiure on the surface. The dielectric constant 
is from 1*0 to 3*5. In small thicknesses of 20 mils, the dielectric strength 
ranges from 1700 to 3750 volts per mil, tested between 2 in. s])heres, 
and 1000 to 2000 volts per mil when flat electrodes are used. 

The principal pro])ertieb of the electrical grades of ebonite are 
given in Table 119. 


TABLE 119 

Properties or Ebonite 


Tobts 

Tielloboig ’ 
Ebonite 

N T».L Tests 

1 IM) 

1 Quality 

1 1 

Medium 

Ebonite 

Poor 

Ebonite 

Electric sticn^ith 

1 20,000 \ pei 

40,000 \ 

30,000 \ . 

20.000 V. 


nun. 

per mm 

pel tnm 

p(*r mm 

Specific gia\ it\ 

1 V)h 

1 210 

1-2*^,, 

1 400 

Resist i\ itv 

Iiibnil\ 

V irlually 
Infinity 

Lov, 

Veiy low 

Power fad or 

0 005 j 

0 009 

0 009 

0 OK) 

Surface leakage 

None 

None 

Piai 1 1 ( all> 

Leaking 




leak flee 

1 

Afeh content 

1 •>/ /o 

3-00«o 


5% and up 

I __ 


Properties of Rubber 

Crude rubber is tough, pliable, solid, insoluble in water and a 
bad conductor of electricity it j)os&esses marked elastic properties 
which enable it to be extended or compressed through a distanc‘e 
equal to many times its original length, without permanent set. It is 
influenced by small temperature changes, and when heated it becomes 
soft and “tacky” , it loses most of its elasticity when placed in boiling 
water, but hardens and becomes elastic again upon cooling. 

It melts at about 12()°C. into a viscous fluid, which does not 
harden again. At low temperatures, most rubbers (crude, pure or 
oorajnercial) Jose their ela3tie properties and become harder ; at liquid 
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air temperatures rubber becomes very hard and brittle and may be 
powdered by impact. 

Crude rubber is insoluble in water and alcohol, and is only slightly 
affected by dilute acids, but dilute alkaline solutions exert a depoly- 
merizing action upon rubber, rendering it soft, or even tacky. It is 
soluble in turpentine, petroleum spirits such as petrol, benzol, toluol, 
carbon disulphide, carbon tetrachloride and certain other liquids; 
solutions of crude rubber, or other grades, in some* of tlu'se liquids, are 
used as rul)ber (*ements for pneumatic tyre repair pur])Ose8. 

Crude rubber is subject to oxidation, which renders it soft and then 
hard and brittle ; vulcanized rubber also behaves in a similar manner, 
but to a less marked extent, and ultra-violet rays of sunlight have a 
definite deteriorating effect upon rubber. 

Perishing may also be due to the filling eonstitiients of the rubber 
itself. Rubbe^r goods should be stored in cool, dark j)laces and well 
dusted with French chalk in order to obviate the ch'trimental aetion 
of grease, oils or fats that may be on th(' surhxces. 

Physical Properties 

The flectricat resistivity of rubber is of the order of 10^^ to 10’® ohms- 
centirnetres, according to the quality, but increasing with the content 
of ]:)urc rubber. 

The temperature coefficient is negative and unusually large, varying 
from 2 to 4 })er cent, per degree C. 

The dielectric constant of pure vulcanizf'd rubber is from 2 to 3, 
and for com])ounds of rubber from 3 to 4. 

The dielectric stnngth of rubber varies from 300 to 500 volts per 
mil, and after long ])eriods of electrification it diminishes a})preciably. 

The specific gravity of pure rubber varies from 0*93 to 0*97, and 
for rubber compounds from 1*7 to 2 0. 

Mechanical Properties 

The mi‘chanical i)roperties of rubber depend upon the actual 
grade, that is to say, upon the relative proportions of the rubber, 
fillers, accelerators and other ingredients. 

Table 120 gives the tensile strengths, ultimate elongations, and per- 
manent sets of six different grades of rubber, tested by the American 
Bureau of Standards.* 

The best grades of vulcanized gas black rubber, used for their 
^trength and elastic properties, have a tensile strength of about 

* “The Testing of Mot-hanical Rubber Goods.” Girrular No. 38, U.S. Bureau 
of Standards. 
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4000 lb. per sq. in., with an ultimate stretch of 600 per cent, that is 
to say, of six times their original length. 

The stress-strain curve of rubber is not a straight line, as the 
material does not obey Hooke’s Law, so that there is no true elastic 
modulus. 


TABLE 120 

The Steength Peopekties of Robbee 


Grade 

[ Tonsilo Strength, 

1 Poimds per sq in ^ 

Ultimate Elongation, 
p('r cent 

1 

Set.* 
per cent 

No. 

hoiigitii 

lians ' 

' Longit u 

Trails 

Longitu- I 

Trans- 


1 dinal 1 

! v^erse 

1 

dinal 1 

veise 

dinal 1 

verse 

1 

2730 

2575 

630 

640 

11 2 

7 3 

2 

2070 

2030 

640 

670 

6 0 

50 

3 

T200 

1260 

480 

555 

22 1 

16 3 

4 

1850 

1700 

410 

460 

34 0 

24 0 

6 

690 

510 

320 

280 

27 5 

25 0 

6 

880 

690 

315 

315 

34 3 

25 9 


For ordinary engineering purposes it is usual to take the mean 
slope of the stress-strain curve for a limit('d cxt(‘nsion of about 200 
to 300 per cent, and to estimate the elastic* modulus from this mean 
slope value. The value for the modulus, obtain«Mj in this manner, 
varies from 300 to 400 lb per sq. in. for high-giade rubbers. 

The elastic modulus in compression and shear are also very low, 
so that rubber may be deformed to an appreciable extent by relatively 
small forces in all three possible methods of loading. Despite its low 
compression modulus it is an almost incompri*ssible material in the 
same sense as water, since, if enclosed completely, it dots not yield to 
compressive forces. When unenclosed, however, it exhibits consider- 
able changes of shape or deformation at constant volume ; thus, when 
stretc'hed progressively, its cross-sectional area diminishes continually. 

Rubber has to a considerable extent the characteristics of a liquid 
for which Poisson's ratio would be 0-5, for small deformations. For 
large deformations, however, there is a marked departure from this 
value, a fact which indicates that the material departs more and more 
from the liquid conditions. 

When vulcanized rubber is subjected to a constant load of the usual 
values employed in engineering applications it undergoes a continuous 

* After 300 per cent elongation for 1 minute, with 1 minute le&t. The set and 
the tensile strength were determined upon different samples. 
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dejfornuition^ which is at first rapid and then gradually decreases with 
time. The shape of the stress-strain curve will therefore depend upon the 
rate at which the load is applied and the period of time during which 
the rubber is held at any given load. Thus, a rapid load application 
and an early release will produce a mjaimum deformation, whilst 



slow application of the load and long duration will cause larger 
deformations. 

Fig. 174 shows the results of tests upon india-rubber obtained by 
Dr. Winkler, and indicates the lag between the stress and the strain, 
due to the time-interval effect. 

In this connection it may be interesting to mention the results 
of some compression tests* upon a block of india-rubber, in which the 
diminution of height, or the compression strain, was noted after certain 
time intervals. 

A compression strain of about 8 per cent at the time of loading 
gradually increased to about 9 per cent after the load had been on 

* “The Measuromeut of Stresses in Materials and Struotnros,” E. O. Coker, 
Cantor Lectures, Umf. Soc, of Arts, 1914 
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for 4 hours, and then very slowly increased to about 9*3 per cent at 
the end of 26 hours. When tlie load was removed, the rubber recovered 
its original height within 1 per cent, followed by a slow recovery 
which, at the end of another 14 hours, brought the block within about 
0*33 per cent of its original height. 

Reverting again to the results shown in Pig. 174, it will also be 
noticed that, for the same stress value, the compression strains are 
smaller than the tension ones, the stress-strain curve in each case 
being a curved line and not a straight one. 

If the elastic modulus be calculated from the ratio of the stress 
to the strain, the results obtained are found to be variable, due to the 
fact that the stress given is reckoned upon the original area, and not 
the actual corresponding area. 

The values of the modulus, reckoned on the actual area, and the 
elongation ])er unit of stretched length, are more uniform, and the 
mean values for c*ompression and tension, in the above-mentioned 
tests, are 195 and 162 lb. per sq. in. respe(‘tivcly. The maximum 
values for tlu' rang(\s of stress taken are 222 and 373 lb. per sq. in. 
respectively. 

Hysteresis Effect of Rubber 

The most advantageous pro})erty of rubber, from th(' point of view 
of its use for springing and shock-absorbing members, is its relatively 
high hysteresis factor, the area of the hv"^teresis loop which represents 
the amount of energy capable of being stored up in tlie material, being 
large. 

Th(' amount of energy absorbed by rubber is far greater than in 
the case of other common materials, owing to its greater stretch. Thus, 
good india-rubber can absorb from 500 to 1000 ft. -lb. of energy per 
pound weight, whereas s])ring steel is only capable of absorbing from 
10 to 20 ft .-lb. ]3er pound w^eight. 

The work lost in hysteresis in low-grade rubber may be as much 
as 70 jier cent of the work done iqioii the first extension. For higher 
grades of rubber, the hysteresis loss varies from 35 to 40 per cent. 

Low-grade rubbers are not, however, suitable for shock absorbers, 
owing to their lower ultimate stret(‘h, rapid deterioration ])roperties, 
and relative wc^akness under repetitions of loading. 

Tensile tests made upon rings of india-rubber, as used for shock 
absorbcTs, in gcmeral give a lower tensile strength than similar tests 
upon straight strips of the same material due to bending action, there 
being a difference in the stress between the iimer and outer layers, 
and a change in the cross-section. 
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The rate of loading has only a secondary effect, provided that it is 
not too slow. 

Temperature changes affect the results appreciably: an increase 
from 50° F. to 90° F. causes an average diminution in the tensile 
strength of about 10 per cent, with a 10 per cent increase in the 
elongation, and 30 i>er cent decrease in permanent set. 

Machixiing of Rubber 

In many grades of rubber there is a certain amount of gritty 
material, which tends to take the edge off (*utting tools ; for this reason 
it is necessary to use high-speed tool stc^els and to harden the tools to 
a fairly high temper. 

The most suitable tool for the medium or medium-hard composi- 
tions of rubbe^r is that with a diamond point, a little round on the 
point and given a sharp rake. 

The speed of machining depends upon the liardness of the rubber, 
being slower the harder the material. 

Medium-soft and soft rubber cannot be machined satisfactorily, 
and are therefore ground in a lathe, using an overhead drum for 
driving the wheel, and fixing the arbor of the wheel to the tool rest. 

Alternatively, a small electric motor-driven grinder can be used 
and is probably more convenient. 

Synthetic Rubbers 

In recent years considerable progress has been made in the develop- 
ment of substil iites for natural rubber derived by chemical processes. 

Although in practically all instances these ‘‘sjmthetic’' rubbers 
are more costly to produce, the present commercial ones possess cer- 
tain unique proj:)erties giving them advantages over natural rubbers. 
Thus, they are mu(*h more resistant to the deteriorating effects of 
sunlight, oxyg('Ti, heat, oil and petrol, whilst possessing most of the 
desirable characteristics of the natural rubbers. 

Among the proprietary synthetic rubbers in present use are Neo- 
prene, Ameripol, Buna, Chemigura, Thiokol, Koroseal, and a chlorinated 
rubber known as Alloprone, used as a substitute for cork and kapok. 

Ameripol This artificial rubber, made by the B. F. Goodrich Co., 
has proved superior to natural rubber for aeronautical and automobile 
purposes, notably for petrol and oil hose pijie and sparking-plug high- 
tension cables; in the latter connection it is able to withstand much 
higher operating temperatures inside engine cowlings and is almost 
impervious to the effects of oil and grease. 

It has the same alirasivc resistance and tensile strength as ordinary 
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rubber. The elongation, permanent set and Hardness are also practi- 
cally the same, although the natural rubber is definitely superior in its 
range of elasticity and in its low temperature resistance and tearing 
properties. It is, howeviT, definitely superior in its resistance to ageing, 
oxidation, and heat. It is strongly resistant to the action of oil, 
grease, and petroleum solvimts. 

Nex)prene is a product of the American du Pont Company and is 
made by polymerizing the chemical compound known as Chloropene, 
thus converting it into a tough rubber-like material possessing some 
interesting properties to which reference is made later. The original 
chemical employed in the process of manufacturing Neoprene is cal- 
cium carbide which is converted into acetylene gas (C 2 H 2 ), which in 
turn is pol 3 rmerized in the presence of a catalyst to form a material 
called mono- vinyl-acetylene ; when the latter is treated with muria- 
tic acid, chloropene is produced, which is immediately polymerized 
into Neoprene. 

Neoprene can be treated, in manufacturing processes, in a similar 
manner to natural rubber, and the same technique and plant can be 
employed in producing various types of Neoprene rubber articles. 
Thus, by the incorporation of different fillers or reinforcing materials 
Neoprene compounds of varying physical properties can be obtained. 
Moreover, the finished articles of this basic material are produced by 
the process of vulcanization in the same way as natural rubber ones. 

Unlike the latter material, sulphur is not essential to the proper 
vulcanization of Neoprene, although some products of this material 
are compounded with sulphur in order to bring out special charac- 
teristics. 

The specific gravity of Neoprene is 1*25, but when compounded 
with reinforcing materials this figure is increased to 1*4 to 3*0. 

Its tensile strength is similar to that of natural rubber as used 
commercially, i.e. with suitable fillers, etc., and it may be obtained 
with a tensile strength up to 4000 lb. per sq. in. It has similar elastic 
properties to ordinary rubber and its compounds can be made to show 
an elongation at fracture of ten times the initial length. 

In regard to its physical qualities, Neoprene is inferior to natural 
rubber in power factor and resistivity. When uncompounded it shows 
about 28 per cent higher thermal conductivity than natural rubber 
in a similar condition ; when compounded it may be to some extent 
considered as a heat insulator. At temperatures up to about 150° C., 
Neoprene rubbers have a much greater resistivity to heat than natural 
rubbers ; the latter become soft and lose their strength, whilst Neoprene 
become harder and tougher. 
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Neoprene offeiH a far higher resistance to the deteriorating effect of 
petroleum hydrocarbons, such as petrol, paraffin and lubricating oils, 
than natural rubber ; it is ‘also very resistant to animal and vegetable 
fats and oils. 

This material does not crack or perish when exposed to direct 
sunlight as in the case of ordinary rubber , moreover, it is less perme- 
able to gases than the latter. 

Neoprene rubber will not oxidize or age as rapidly as natural rub- 
ber, and ozone does not attack it as rapidly as the latter material 
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In this connection the results of some ageing tests made with Neoprene 
and ordinary rubber treads of tyres in the presence of oxygen* are 
illustrated in Fig. 176, from which it will be observed that after twelve 
days’ exposure the tensile strength of the Neoprene tread had fallen 
from about 3300 to 23001b. jier sq. in., i.e. was reduced by 30-3 per 
cent, whereas that of the ordinary rubber tread had fallen from about 
3600 to 600 lb. per sq. in., i.e. by about 83*5 per cent. After eighteen 
days the strength of the Neoprene tread had been reduced by 39*4 
per cent, whereas the natural rubber tread had perished. 

In connection with the resistance of Neoprene to hot mineral oil 
(100° C.), after twenty-one days in this oil the tensile strength fell by 
only 8-6 per cent with volume increase of 20 to 25 per cent, whereas 
ordinary rubber showed a falling off in tensile strength of about 73 
per cent and volume increase of 300 per cent. 

♦ “Synthetic Rubber,” A. E. Williams, The Engineer, 13th September 
1940. 
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Neoprene has been shown to have a much greater resistance to 
the effects of acids and alkalis than ordinary rubber. 

Buna is a synthetic rubber prodxiced originally by the I. G. Far- 
benindustrie in Germany, from the raw materials butadiene and 
sodium, as a substitute for natural rubber. ''Buna is an inter- 
polymer of butadiene and acrylic nitrile. Early in 1940 the Standard 
Oil Company of America acquired manufacturing rights for Buna. 

In addition to its a^ivantages in regard to resistance to oils, petrol, 
paraffin, sunlight and temperature increase. Buna can also be made 
into a hard brittle material of the ebonite class by vulcanizing with 
sulphur. 

Chemigum. The development of synthetic rubber by the Goodyear 
Company over a period of fifteen years has resulted in the commercial 
production of several types of synthetics known as Chemigum, from 
which a wide range of aircraft accessories are now being made. This 
synthetic rubber can be compounded so as to give it a number of 
desirable properties for aircraft construction purposes. It can also be 
made very resistant to oil and petrol, to wear and abrasion; also to 
fire. It is superior to natural rubber in resisting oxidation and it 
retains its flexibility at temperatures as low as 40 degrees below 
zero (F.). 

Chemigum is used for bullet-proof, pun(‘ture-sealing petrol and oil 
tanks and hovse pipes, flexible connections for fuel lines, gaskets, brake 
seals, hydraulic control hose, pump cup packing, throw sheets for 
forming presses, and numerous other purposes. 

Thiokol, a product of the American Thiokol Corporation, is a 
synthetic rubber made by condensing chlorinated ethylenes with sodium 
polysulphide. It is synthesized for commercial purposes from sulphur, 
salt and natural gas. The final product is oil-proof and unaffected by 
benzol, petrol or paraffin. It resists sunlight satisfactorily and will 
withstand heat and cold much better than ordinary rubbers ; thus at 
0° C. Thiokol paint spray hose shows no signs of cracking. It is prob- 
ably the best of j)resent-day synthetic rubbers in regard to resistance 
to aromatic solvents. Thiokol is employed largely for rubber hose as 
it does not swell in use. It has strong dielectric properties. Moreover, 
it is available in the form of moulding powders which enable oil- and 
petrol-proof parts to be made as readily and economically as plastic 
mouldings. 

Du Prene is another synthetic rubber derived by chlorinating buta- 
diene, which possesses somewhat similar properties to those previously 
described. It is used in the electrical industries for protective insulating 
jackets for high-tension wire and portable cables, e.g. the high-tension 
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cables for Neon signs where ozone effects would quickly perish ordinary 
rubber. It is also suitable for making rubber parts of domestic elec- 
trical apparatus, gaskets, washers, packing, pump pistons and cups in 
oil pumps, binders for transmission belts and covers for greasy and 
oily conditions. 

Applications of Synthetic Rubbers 

From the special properties of these rubbers, previously referred 
to, it is evident that they are particularly suited to applications where 
flexible rubber parts have to resist, satisfactorily, the action of oil, 
grease, petrol, temperature and oxidizing agents. 

Synthetic rubber is especially suited to insulation covering of 
high-tension cables, since it does not crack or otherwise perish and will 
withstand the engine bonnet temperatures. 

In aircraft applications these rubbers are used for lubricating oil 
hose, pressure grease systems, brake drum bellows, engine mountings, 
gaskets, retractable undercarriage washers, ignition cables, radiator 
hose and, in general, for flexible and electrical insulated conductors 
liable to contact witli oil, grease and also subject to heating conditions. 

Synthetic rubber is also used as a protective covering for seaplane 
floats, nuts, bolts and propellers as it can readily be bonded to metal. 
It is employed in the production of expanded rubber for seating and 
flooring on account of its fire resistance. It is more satisfactory than 
ordinary rubber, in view of its better permeability, for gas containers 
such as balloons and collapsible floats and aircraft dinghies. 

Synthetic rubbers such as Neoprene, Buna and Thiokol have to a 
large extent replaced ordinary rubber for the insulation of high-tension 
cables on aircraft engines, since they will withstand the action of oil 
and petrol and can be used for temperatures up to 150° C. without 
protective coatings. 

In aircraft strips of synthetic rubber are used for seahng the 
riveted seams of hulls and floats on account of its excellent resistance 
to sunlight and other corroding conditions. Neoprene has been used 
for a moulded magneto gear in Pratt and Whitney engines. 

Fig. 176* illustrates some of the more important artificial rubber 
applications in modern aircraft. In addition to the uses already men- 
tioned, this material is employed for bullet-proof petrol and oil tanks, 
the leading edges of the wings, tail-plane and vertical fins (for de-icing 
purposes), tyres, flexible connections for fuel lines, engine liquid 
coolant hose, hydraulic control hose, brake seals, boots and cups, etc. 

Although Neoprene is not such a good electrical insulator as natural 
♦ Courtesy 4er<? Digest, 
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rubber, it is becoming widely used as a protective outer casing for 
the latter in electrical cables, more particularly those exposed to 
sunlight and corrosive atmospheres. 

Automobile Applications of Rubber 

Natural and synthetic derived rubbers are now fairly widely em- 
ployed on automobiles for parts requiring vibration insulation; for 
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oil, grease and water connections and the covers of working parts — 
to retain the lubricants ; for bearings having a limited rocking move- 
ment, such as those of spring shackle pins, for shock absorbers and 
spring limit stops, petrol pipe hose, oil seals for hydraulic brake pistons, 
propeller shaft universal couplings (of which the Layrub is a typical 
instance), neck hoses for petrol tank filler, petrol pump flexible dia- 
phragms, grease covers for exposed joints, mats, gaskets, pedal covers, 
door silencers, beading, etc. 

It has been estimated that, excluding tyres and tubes, the modem 
car has between two hundred and three hundred individual moulded 
rubber parts, and that the weight of rubber thus used varies from 




Fig 177 Illustrating the Applications of Rlbbeb to Automobiles 
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30 to 50 lb. per car according to its size. Nearly 80 per cent of the 
rubber produced in the United States, prior to 1940, was incorporated 
into motor cars, commercial vehicles, passenger vehicles and tractors. 

In regard to the mechanical properties of Ihe rubbers used in auto- 
mobile and aircraft construction the following particulars are furnished 
by the Firestone Tire and Rubber Company — 


TABLE 121 

Propekties of Automobile Rubbers 


(^haracfcei istu s 


Durometer hardness (Shoio t>pe A) 
Tensile strength, lb jiei in. 
Modulus at lb. per sq. in 

Elongation at bieak 
♦Conipressiun sot (ASTM) 


High Quality 
Motor Support 
Stocks 


W (10 
2500 5500 
225 ISOO 

(>00»o «00% 
10 % 20 % 


Topical Bumper 
Stock 


50 00 
1500 2500 
1000 1200 
500% 600% 
20«o 30% 


Engine Mou/nirnga. Originally uitroduced by The ('hrysler Corpora- 
tion, the method of insulating the engine from tlie chassis frame — 
instead of employing it as a cross-bracing member and allowing the 
engine vibrations to be communicated to the frame and bodywairk — 
by means of rubber mountings, has since bt'en udoptt'd universally. 
\ large number of ditferent ty})es of engine mountings has been used 
for this purpose, but the })rmciple usually adopted is that of a three- 
IX)int mounting with one rubber mounting at the front and two at the 
rear, with the holding-down bolts rubber-insulated from the engine 
and/or the frame. 

Some typical examples of automobile engine mountings of the 
rubber-insulated pattern are showm in Fig. 17S.*j 

Fig, 179 illustrates the V^auxhall car engine mounting which em- 
ploys “Z ’’-shaped rubber blocks. Normally, the block assumes the 
shape shown at A, but under inclined side loads takes up the form 
shown at B such that the internal slot cdoses up so as to give increasing 
resistance as the side load is increased. 

Fig. 180 illustrates a four-point mounting to the chassis frame in 
which individual vertical movemenis and a limited amount of side 
movement are provided for. 

♦ Compression set — ASTM D-395-36T constant load method. Sample — 
1 sq. in. (circular) J in. thick. Load 400 lb. per sq. in 

t “Rubber and Automobiles,” Colm Macbeth, ffubbtr Qrowm' Aasoc, Inc. 
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Springing Systems. Rubber is employed for various parts of the 
springing system, su(*h as the spring ends, shackle pins and spring 
movement limit stops , in the latter case, when excessive spring move- 
ments o(‘cur under severe loading conditions, the rubber blocks inter- 
posed between the springs and chassis frame come into action and 
take up the final iTn])ac*t loads. 

The type of shackle pin mounting shown in Fig. 1S4 employs the 
Silentbloc stressed rubber be<arings. This consists of three comy)onents, 



Kiq 180 Iu)i H-poiNT Knoinj: Mo\ NTr\(. 
{Above) Flout nioiiiitinv! {Hehm) Oik of tin mir moiintinus 


namely, (1) rubber cylinder, (2) an internal metal bush and (3) an 
external metal bush. When assembled the rubber unit is stretched 
longitudinally in such a uay that it is made to shroud the bush and 
enter the sleeve tightly, thus yireventing longitudinal movement be- 
tween the bush and sleeve. The tendency of Ihe cylinder to contract 
longitudinally, being opposed by friction, is translated into a radial 
pressure ensuring that, unless a very great torsion is applied, there 
can be no slip between the rubber and other ])arts of the bearing. A 
certain amount of angular movement can occur, however, between 
the bush and its sleeve o^\ing to the elasticity of the nibber. The 
amount of this movement depends upon the thickness of the rubber, 
the usual maximum allowance being 45° on either side of the neutral 
position. 

If the angular movement allowed be exceeded slip will take place 
between the rubber and the sleeves with the result that the Silentbloc 
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will function momentarily as an ordinary bearing It takes up a new 
position, however, and again functions through a given angle on either 
side of this new position. 




Kig. 182 . Illlstbating thb Pkimicll of the Silentbloc 
Bearin(. 


It will be noted that lateral or end movement is practically im- 
possible, although by careful design a limited amou'fet of end movement 
can be obtained if it is desired. 
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trunnion bearings, shock absorber bearings, motor-cycle spring fork 
bearings, rocker arms of magneto contact-breaker, engine supports, 
steering and brake rod bearings, dipping headlights, etc. 

(2) Those for end thrusts, i.e. loads applied along the axis of the bear- 
ings, combined in most cases with a rocking movement. 

Other applications include the adaptation of these bearings for 
hinges and latches for motor-car doors, brush holders for dynamos and 



Kia. J85, Rubbur 
FOR Spring Shackles 


Fig. 186. Rubber Block Method 
OF Anchoring Spring Kni> 


motors (permitting ougular movement for replacing the brushes), and 
generally, in engineering \vork, for most rocking shaft bearings. 

The bearings are usually fitted so that the outer sleeve is a force 
fit in its housing. The internal tube is held by bolting it up tightly 
on the end faces of the tube. 

A of spring blade end mounting using a moulded rubber block 
is shown in Fig. 186. This mounting not only provides a noiseless 
anchoring, but obviates the M^ear that normally occurs in shackle 
pins. 

The main springing system of motor-cars has in one or t>^o instances 
utilized rubber units. A ty})ical example is that of the Firestone 
rubber-air suspension system shown in Fig. 187. It consists of an 
inflated rubber spring having rubberized fabric bellows filled with air 
at a pressure corresponding to the load to be carried. The bellows 
operate automatically in conjunction with an air reservoir by means 
of a pendulum shock-absorber valve ; the reservoir and bellows are 
controlled by means of metal tubes. The device weighs about 2 lb. 
per wheel as compared with 15 to 20 lb. for steel springs ; it has the 
merits of simplicity and quietness, but the bellows take up more 
space than the conventional springs. 
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Another rubber springing system, clue to Colin Macbeth, employs 
large rubber discs of 6 to 9 in. diameter and 5 to 7 in. in overall width, 
which are arranged to take the car load and road slux'ks by torsional 



Fio. 187 HiTBBEii-AiR Springing System ior Aittomobilks 

resistance of the rubber in a similar manner to that of the steel torsion 
bar-springing method employed on Citroen and otlier cars. 

Rubber interleaving of laminated steel springs if also employed on 
automobiles, the advantages claimed being (1) adequate friction 



Fro. 188 Illustrating Uses of Kubbeb in Automobill 
Laminated Springs 

Th( rubber members are shown b> the heavv bLiek diagonal shading 


damping action which is independent of metal to metal friction, (2) 
elimination of the necessity of lubrication, (3) avoidance of blade 
squeaking, and (4) permanent and uniform springing action. 

Usually tapered and flanged rubber interleaves of the same length 
as the steel leaves are added during assembly in a similar manner to 
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zinc interleaves. The squeaks that occur with laminated springs 
between the dry surfaces of the spring clips and the edges of the 
blades are overcome in some instances by the use of rubber insertions 
which prevent metallic contact (Fig. 188). 

Unwersal covpIiTvgs of propeller shafts between the gear-box and 
back axle are sometimes made with flexible rubber block members, a 
typical instance being the Layrub universal joint shown in Fig. 189. 
It consists of a flange coupling on the rear end of the gear-box driven 
shaft having two arms at 180^ with holes, through which bolts B 
pass through the rubber blocks A . The two coupling flanges of the joint 
are at right angles and bolts connect the flanged parts to the rubber 
block. The inclination of the propeller shaft is taken up by the yield 



Fiu 189. The Laykub Universal Coupling for 
Automobile Propeller Shaft 


or distortion of the rubber blocks , the latter have embedded fabric 
on the insides of the holes and on their peripheries. This type of 
coupling not only runs .silently, but it needs no lubrication or main- 
tenance attention, since there are no rearing parts ; further, it affords 
a flexible drive which insulates the gear-box from the back axle in 
regard to shocks and vibrations. 

It is not possible to enumerate all of the various applications of 
rubber to automobiles, but a few further typical examples* are given 
in Fig. 190. In this illustration (vl) denotes a clutch plate of the single 
dry-plate t3^pe with a flexible rubber centre to take up torsional 
shocks and vibrations. The engine crankshaft torsional vibration 
damper shown at (B) consists of a flanged steel member A which is 
bolted to the front end of the crankshaft. Between this member and 
the steel pulley D (for driving the radiator fan) rubber discs, C, are 
inserted, the latter being bolted at six intervals, by means of the bolts 
B to member A. A steel plate is employed between the underneath 
portions of the bolt heads and the left.-hand rubber disc to distribute 
the pressure evenly. 

* From “ Rubber and Automobiles,** Cohn Macbeth, Rubber Orowera' Assoc, 

Im, 
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At (C) is shown a flexible radiator mounting in which rubber cylin- 
ders insulate the radiator from the chassis frame side members. 

(D) shows a Lockheed hydraulic brake who('l cylinder member 
with a pair of rubber packing type pistons— between which the oil 
pressure for actuating the brakes is applied — and two dust retaining 
covers moulded in rubber , the right-hand cover and the two piston 
packings are shown in black. 

A typical cover for retaining the grease and excluding water and 
dirt from the interior, in the case of a ball-joint in the connecting 
rod of an automobile steering system, is shown at (E), 

The steering wheel at {F) employs a circular wire ring around which 
is moulded h tough rubber compound to form the wheel rim. The 
spokes forming the arms connecting the rim with the centre hub por- 
tion consist of four spring steel rods with extensions of the rubber 
rim to support their outer ends This ty[K' of flexible steering wheel 
is favoured for sports and racing cars 

Abrasion Resistance ^ 

On account of its very high resistance to abrasion, combined with 
excellent resilience, rubber is used for many purposes where the ques- 
tion of wear is of primary importance. A notable example of this is 
the case of motor tjTes. Here we have a material possessing good 
resilience, shock-absorbing proyierties an<l long wearing qualities. 

Rubber is employed for flooring, as a step co\ering material, and 
to some extent as a noise redu(*ing road surface covering. It is interest- 
ing to note that the rubber- covered steps have at least twice the length 
of life of stone steps 

Rubber is also used for gloves and tubing for sand-blast work, 
linings for ball mills, and conveyor belting for ore and coal; all of 
these are applications in which severe abrasion is incurred. 

Rubber Associated Products 

Apart from its use in the ordinary form, rubber is now widely 
employed in association with other materials for a variety of purposes. 
Used in conjunction with canvas and fabrics it prc*serves its flexible 
properties to a largi' extent, but is considerably stronger and will not 
dilate or compress to anything like the same extent as the pure rubber. 

Rubber hose, belting, jointing materials for steam and hydraulic 
work and rubber tyres (outer covers) for cars and cycles are examples 
of its improved propernes in association with fabrics of various kinds. 

In association w ith asbestos, rubber forms an excellent steam band 
packing material. Compressed rubber and asbestos, with or without 
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brass wire bonding, forms a useful friction lining material for motor- 
car and colliery brakes and similar purposes. 

Rvhber hose, with both natural and artificial rubber content, is now 
used for many different purposes, for instance, steam, water, gas, 
oil, petrol, acid and vacuum hose as used for the delivery of liquids 



Fig 191 . Centrifugal Pump Lined with Hi bbek 
FOR Gritty Water 


and gases, transmission of power as in pneumatic machine connections, 
vacuum brake hose or sand-blast hose. Evc^ry type of hose must be 
considered in the light of the service it has to give. The hose may be 
plain or reinforced with insertions of canvas or wire 

Rubber belting is used for transmitting power and for conveying 
ore and other materials. In this respect its resilieiu'c and abrasion 
resistance are predominant features 

Rubber Lixiings 

Rubber linings are ideal for vessels exposed to abrasion and chemical 
action. They can be employed for lining acid tanks, centrifuges, and 
tanks in which chemicals are stirred, mixed, or agitated, the blades 
of the stirrers being similarly covered. 
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Fig. 191 illustrates a centrifugal pump* used for pumping gritty 
water. It is lined entirely with rubber and is stated to resist the 
erosion of grit and pulp at least ten times more effectively than steel. 

The rubber, which is of a soft variety, 
F. is vulcanized on to the castings of 

the pump impeller and casing; the 
lining is about ^ in. thick 



Insulating Machinery by Rubber 

An important application of rub- 
ber is in connection with the insulat- 
ing of machinery vibrations from the 
floor or foundations. There are 
several methods of applying rubber 
for this purpose. In one a special 
type of foundation bolt has been 



Fig 19.3. Thl As%ii.MBi.£D 
Ki(. 192 Components of lii bukh Rubber Insut^atino Bolt 

Insulaiino Bolt Device Device 


designed, such that the bolt head is completely enclosed in rubber 
under compression ; moreover, the degree of compression can be 
varied simply by tightening or slackening a screwed cap. 

Fig. 192 illustrates the component parts of the insulator, whilst 
Fig. 193 shows it assembled ready for use. The upper portion of the 
flange A, which is bolted to the floor, is made in the shape of a cup 
or socket into which the sheet metal cup B and a thick rubber pad C 
are inserted. The machinery holding down bolt D has a rubber end 
* International Combustion Ltd., Aldwych, London, W.C.2. 
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which is located within the space between A and the ring E. The 
lower end of D registers in the top of C. The top half of the socket fits 
over this pad, and may be tightened down by means of a screwed ring 
E engaging with the threaded base. F is an insulating washer. 

These devices are placed under the feet or base of the machine to 
be insulated, and bolted to the floor and to the motor. The shock 
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insulators are then adjusted by tightening the serev\f‘d cup, whilst the 
machine is running, until the vibritions are all absorbed. 

Rubber Bearings 

A fairly recent a]}plicatiun of rubber is for the bearings of hydraulic 
turbines. On aia-ount of its high abrasive resistani'e rubber is well 
suited to bearings that are exposed to the action of gritty liquids. In 
the case of the guide bearings of hydrauli<* turbines, with other materials 
severe silt conditions are known to cause fairly rapid wear ; with rub- 
ber, however, bearings have been in use for over two years with no 
indications of wear. Further information on this subject is given at 
the end of Chapter VIT. 

Qravel-pumping Plant Parts 

In the case of gravel -pumjung plant on the Thames, delivering 
mattTial into a screening plant, the sharp sand wore the elevator 
rollers and chain rapidly. By fitting a rubber sleeve on the drum of 
the roller th(i life of the elevator chain was prolonged at leaat eight 
months, while the rollers wore indefinitely. As the wear caused by 
the chain was confined to a given area of rub))er, and to avoid having 
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to replace the whole sleeve, a number of narrow sleeves were employed ; 
these were arranged adjacent to one another. The wet sand also cut 
the steel shoots rapidly ; this 
trouble was arrested by covering 
them with rubber. 

Some Other Engineering Applica- 
tions 

The use of rubber sleeves for 
the joints of pipe lines has also 
received consideration, since the use 
of these liquid-tight connections 
would not only simplify the laying 
of pipe lines, but also enable curved 
lines to be laid without the necessity 
for special joints. 

It is also possible to protect the 
metal surface of pipes against 
erosion and corrosion by lining with 
rubber. 

Rubber covered rollers have also 
been used to replace stt^el rollers 
used for guiding haulage ropes in 
certain South African mines. Th(‘ 
rope, instead of bearing on a hard 

metal surface, rests on resilient rub- Testing 

, , , Bonded Ki bber and Metal 

ber discs. Ihese are mounted in Member in Shear 

a housing running on ball-bearings. {Left) Before {Right) During test. 
This resilient type of roller prevents 

wear of the rope, has a much longer life and is loss noisy in operation. 
Moreover, the slip that occurs \vhen steel rollers are used — causing 
embrittlement of the outer strands of the cable — is absent in the case 
of rubber lined rollers 

Bonded Rubber and Metal 

In view of the numerous applications of rubber in contact with 
metal parts, attention has been given to the subject of bqnding rub- 
ber to metal so that the resulting parts can be used not only in com- 
pression, but also in tension and shear. It is now possible to produce 
commercially bonded rubber and metal which enables the rubber to be 
employed at will under tension, compression and shear with complete 
freedom to distort vithout volume reduction. Hitherto only the 
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natural rubber products could be bonded to metal satisfactorily, but 
more recently some of the synthetic rubbers, such as Neoprene, have 
successfully been used for this purpose. 

Further, although rubber could at first only be attached to steel 
and cast iron, it can now be bonded sa^^isfactorily to aluminium and 
magnesium alloys, Bakelitc and glass. 




( 


FiCr lOS '1 \ PK Examples o> Hom>ei) Hi rtu h Engine Moentings 
(Jb(»e) Iiimnion t\pos Virtual t>i>es 

When pr()i)t'rl\ bonded rubber and metal jointh are tested in shear, 
us depicted in Fig 195. it is found that a relatively great amount of 
distortion can occur before the rubber fractures, and that when break* 
down eventuaUy occurs the fracture does not take place at the metal 
surface but through the rubber itself. 

The result of a tensUe test made u^n a Mctala.stik* unit is shown 
in the two illustrations reproduced in Fig. 196. It will be observed that 

* M«talastik l.t<l 
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under the extreme tension conditions indicated in the righb-hand 
illustration, namely, when t^e rubber has been stretched to 2*7 times 
its original length, there has been no separation of the rubber from the 
steel end discs. 

Fig. 197* jJlustrates the results of shear tests made upon bonded 
rubber and si eel members of three different rubber hardnesses, namely, 



Pic, 190 This ISjustol Radial Aibcbaft Engine Flexible 
Mounting Unit 

30, 40 and 50 , the shear stresses at fracture were 293, 537 and 537 lb. 
per sq. in., respectively. Bonded rubber parts are employed for air- 
craft and automobile engine mountings (Fig. 198), for machinery 
mi^untings and numerous other engineering purposes. 

In connection with the use of oil and petrol resisting synthetic 
rubbers for metal bonding purposes, a method of joining rubbers, such 
as Neoprene, to steel and aluminium by hot vulcanization, known as 
the Dura-Bond procc^ss, eliminates the need for a hard rubber base 
next to the brass- coated metal This method gives an adhesive strength 
of 500 to 7001b. per sq. in., and the bonded rubber can be used at 
temperatures up to the boiling point of water It possesses excellent 
* AntCt page 146, note. 
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age-resisting properties, and is now being used in automobile construe ‘ 
tion and in the mechanical goods industries. 

The Bristol radial aircraft engines are provided with the flexible 
mounting shown in Fig. 190 It consists of a ring made up of mne 
rubber buffer mounting units 
spaced equidistantlv between 
light alloy support jackets of 
wide channel seel ion This ring 
is attached to the front fae(‘ of a 
sheet metal cone -mounting flange 
whi(‘h is secured to the aircraft 
frame or jiower unit wing-mount - 
ing frame A detailed view ol 
one of the rubber buffer members 
is given in F'lg 200. 
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Fig 201 The Oscillith Bubbeb- 
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Rubber-steel Spring Bushes 

A type of resilient bush, known as the Oscillith’’* (Fig. 301), utilb&es a 
steel compressed spring firmly bonded to rubber in the form of a 
When the latter is compressed endwise the rubber is displaced radially 
between the coils, so that the internal and external diameters are 
reduced and increased respectively. The bush, which requires no 
* Wilmot- Breeden Ltd. 
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machined parts, is slipped over a shouldered spindle of slightly smaller 
diameter than the internal diameter of the bush and the nut on the 
pin member screwed up, when the bush expands on to the pin and into 
the outer housing , a retaining washer is placed between the nut and 
bush. The latter, after insertion, is thus initially stressed and can take 
radial, axial and torsional loads. It is used for aircraft engine mount- 
ings, machine mountings, flexible couplings and a variety of other 
engineering applications. 

Sponge Rubber 

When a rubber comi)ound of suitable composition is expanded by 
forcing an inert gas into the plastic material it can be made into the 
form known as expanded or sponge rubber, the constitution of which 
consists of an extremely large number of small gas cells enclosed by 
means of rubber membranes. It is thus jKissible to produce expanded 
rubber of very low density, namely, from 3 to 10 Ib per cub ft. 

This material possesses excellent elastic* properties due primarily 
to the yielding tendencies of the numerous gas cells with their flexible 
rubber walls, moreover, it has a low moisture absorption: thus a 
sample made for aircraft jiurposes when soaked in water for 235 hours 
absorbed only 0*0 per cent of its weight of water. 

Sponge rubber is used in place of kapok and horse-hair in uphol- 
stery for automobile seats and squabs, seat backs, pillows, mattresses, 
flooring, insulating slabs, etc 

It has been used to a small extent in aircraft constiuction, where it 
is now being bonded with synthetic resin to plywood and used as a 
separator. 

Cellular Rubber Insulation 

A more recent cellular rubber product tor heat insulation jiurposes 
has only one-half the weight of cork and consists of very thin rubber- 
walled cells containing nitrogen The low thermal conductivity of this 
insulation compares favourably with that of granulated cork, powdered 
gypsum and laminated fibre board It is oil- acid- and rot-resistant 
and is unaffected by moisture. The product is available, eommereially, 
in the form of insulation boards weighing 4-5 and 5-5 lb. per eub. ft., in 
a thickness of 1 in. The material can be sawn and planed in a similar 
manner to wood. 
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British Standard Specifications for Metals and Alloys 

(Abridged)* 

I. Ferrous Materials, etc. 

32 — 1935. Steel Bars for the Production of Machined Parts for General 
Engineering Purposes. 

61 — 1939. ^Wrought Iron for General Engineering Purposes (Grades A, 
B and C). {Add, November, 1939.] 

224 — 1938. Steel for Die Blocks for Drop Forgings. 

309 — 1927. White Heart Malleable Iron Castings. [Add, May, 1931.] 

310 — 1927. Black Heart Malleable Iron Castings. [Add. May, 1931.] 

321 — 1938. General Grey Iron Castings, Grades A and C. 

692 — 1935. Steel Castings for General Engineering l^urposes. [Add, 
February, 1941.) 

681 — 1936. Carbon Chromium Steel. 

682 — 1936. 3 per cent Nickel-chromium Case-hardening Steel. 

725 — 1937. Hot RoUed Mild Steel Strip (or Hoop) not exceeding 10 inches 
wide for General Engineering Purposes. 

762 — 1938. Wrought Iron Bars, “Special” Grade. 

786 — 1938. High Duty Iron Castings, Grades 1, 2 and 3. 

821 — 1938. Iron Castings for Gears and Gear Blanks (Ordinary, Medium 
and High Grade). 

847 — 1939. Cold Rolled Mild Steel Strip for General Engineering Purposes. 

858 — 1939. “Be.st Yorkshire” Wrought Iron. [Add, October, 1940.] 

1 — 1920, Rolled Steel Sections for Structural Ihirposes. [ Under Revision, 
1940.] 

13 — 1910. Steel for Shipbuilding, Structural. [IJyider Revision, 1940.] 

18 — 1938. Tensile Testing of Metals. 

182 — 184 — 1938. Galvanized Iron and Steel Wire. 

399 — 400 — 1930/1. High and Jjow Carbon Steel Cylinders for Storage of 
Permanent Gases. 

449 — 1937. Use of vStiuctural Steel in Building. [Add. November, 1939.] 

485 — 1934. Tests on Thin Sheet Metal and Strip [not exceeding 01 28 inch]. 

494 — 1933. Cold Drawn Weldless Steel Tubes for Steel Boilers and 
Superheaters. 

499 — 1939. Welding and Cutting, Nomenclature, Definitions and Symbols 
for. 

512 — 1934. Hot Fmished Weldless Steel Boiler and Superheater Tubes 
[for Temperatures exceeding 850° Fah.]. 

528 — 1934. Lap welded Steel Boiler Tubes for External Pressure. 

648 — 1934. High Tensile Structural Steel for Bridges, etc. [Add. May, 
1936, and February, 1938.] 

660 — 1934. Engineering Symbols and Abbreviations. British Standard. 

601 — 1935. Steel Sheets for Transformers for Power and Lighting. 

621 — 1935. Wire Ropes of Special Construction for Engineering Purposes. 

♦ British Standards Institution, 28 Victoria Street, London, S.W.l. 
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640 — 1936. Bare Hod or Wire Electrodes for Metal Arc Welding, Wrought 
Iron and Mild Steel. 

641 — 1935. Small Rivets (Ferrous and Non-ferrous) for General Purposes. 

693 — 1930. Oxy-acetylene Welding as Applied to Steel Structures, 

933 — 1941. Magnetic Materials for Use under Combined D.O. and A.O. 
Magnetization. . 

968 — 1941. High Tensile (Fusion Welding Quality) Structural Steel for 
Bridges, etc., and General Building Construction. 

II. Automobile Materials and Parts 

6001—1924; 6002—1924; 5003—1927. Cancelled, 

6004 — 1927. Cast Iron Piston Ring Pots (Sand Cast and Chill Cast) for 
Automobiles. 

5005 — 1924. Wrought Steels for Automobiles. [Add, June, 1929.] 

5006 — 1924. Cold Worked Steel Bars and Strip for Automobiles. [Add, 
June, 1928.] 

6007 — 1924. Sheet Steels for Automobiles. 

6008 — 1924. Valve Steels and Valve Forgings ft)r Automobiles. 

6009 — 1924. Steel Tubes for Automobiles. 

6010 — 1925. Steels for Laminated Springs for Automobiles. 

5016 — 1927. Splines (Bottom Fitting) for Automobiles, Dimensions for. 
[Under JieviswnA 

5016—1923; 5017—1923; 5018—1923; 5019—1923; 5020—1924; 6021 
1928. Cancelled, 

6027 — 1924. Magnetos for Internal Combustion Engines, Dimensions for. 

5028 — 1924. Steel Castings (Nos. 1 and 2 Grade) for Automobiles. 

III. Non-ferrous Materials, btc, 

369 — 1929. 98 per cent Aluminium (Notched Bars, Ingots, Rolling Slabs 
and Billets). 

300 — 1929. 99 per cent Aluminium (Notched Bars and Ingots). 

361 — 1929. 7 per cent Copper-aluminium Allt)y Castings for General 

Engineering Purposes. 

362 — 1929. 12 per cent (\)pper-aluminium Alloy Castings for General 

Engineering Ihirposes. 

363 — 1929. Zinc-copper-aluminium Alloy Castings (Crank Cases and 
General Use). 

385 — ^1930. Ihire Aluminium Tubes for General Engineering Purposes. 

386 — 1930. Pure Aluminium Bars and Sections for General Engineering 
Purposes. 

388 — -1938. Aluminium (Powder and Paste) for I’aints. 

395 — 1930. Wrought Light Aluminium Alloy (Duralumin) Sheets and 
Strips for General Engineering Purposes. 

396 — 1930. Wrought Light Aluminium Alloy (Duralumin) Tubes for 
General Engineering Purposes. 

414 — 1931. Wrought Light Aliuninium Alloy Sheets and Strip (Heat* 
treated) for General Engineering Purposes. [Covering Y-alloy, also.] 

477 — 1933. Wrought Light Aluminium Alloy Bars for General Engineering 
l^irposes. [Covering Duralumin ] 

478 — 1933. Wrought Y-aUoy Bars for General Engineering Purposes. 
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532 — 1934. Light Aluminitim Alloy Forgings for General Engineering 
Purposes. [Covering Duralumin.] 

583 — 1034. Y-alloy Forgings for General Engineering Purposes. 

702 — 1936. Silicon Aluminium Alloy Castings for General Engineering 
Purposes. 

703 — 1936. Y-alloy Castings (as Oast) for General Engineering Purposes. 

704 — 1926. Y-alloy Castings (Heat-treated) for General Engineering 
Purposes. 

918 — 1940. Aluminium Bars Containing Small Proportions of Copper and 
Zinc for General Engmoering Purposes. 

24 — ^Part 6—1925. Railway Rolling Stock. Copper Plates, Rods, Tubes 
and Pipes and Brass Tubes. 

99 — 1922. Copper Alloy Pipe Fittings. Screwed for Low and Medium 
Pressure B.S. Copper Tubes. [Add, October, 1927. J 

81 — 1913. Copper Tubes and their Screwed Threads. (Domestic and 
Similar Work.) 

126 — 1930. Hard Drawn Copper Solid and Stranded (^ircular Conductors 
for Overhead Power Transmission Purposes. [Add, November, 1933.] 

128 — 1929. Bare Aimealed Copper Wire for Electrical Machinery and 
Apparatus. Dimensions and Resistances. [Add, April, 1930, and 
November, 1935.] 

174 — 181 — 1938. Overhead Lme Material [Non-ferrous] for Telegraph and 
Telephone Purptises. [Includes Copp<*r, Bronze and Copper-cadmium 
Wires.] 

198 — 1925. Electrolytic Copper Wire Bars, Cakes, Slabs and Billets. 

199 — 1924. Electrolytic Copper Ingots and Copper Bars. 

200 — 1924. Tough Copper Cakes and Billets for Rollmg. 

201 — 1924. Fine Copper Cakes for Rollmg. 

202 — 1924. Electrolytic Cathode Copper. 

203 — 1924. “Best Select” Copper. 

207 — 1924. Special Brass Ingots for Castings. 

208 — 1924. Special Brass Castings. 

218 — 1925. Brass Bars and Sections, suitable for Forgings and Drop 
Forgings. 

249 — 1926. Brass Bars (High Speed Screwing and Turning). [Add, 
February, 1931, and November, 1932.] 

260 — 1926. Brass Bars, High Tensile, and Sections (Grades A and B). 
[Add, November, 1932.] 

261 — 1927. Naval Brass (Admiralty Mixture) Bars and Sections. [Add, 
July, 1931, and November, 1932.] 

252 — 1927. Naval Brass (Special Mixture) Bars and Sections. [Add. 
November, 1932. — Under Revision,] 

265 — 1936. Cold Rolled Brass Sheets, Strip and Foil (Copper, 61 5 per cent 
to 64*0 per cent). 

266 — 1936. Cold Rolled Brass Sheets, Strip and Foil (Copper, 64*0 per cent 
to 67*0 per cent). 

267 — 1936. Cold Boiled Brass Sheets, Strip and Foil (Copper, 68-0 per cent 
to 72*0 per cent). 

352 — 1929. Phosphor Bronze Turbine Blading. 

366 — 1929. Brass Armouring Wire for Electrical Cables. 

369— -1929. Phosphor Bronze Bars or Rods for General Purposes (Grades 
A and B). 
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378 — 1930, Brciss Tubes and Screwed Glands for Condensers for Land 
Purposes. 

382 — 1930. 2/10/88 Bronze (Gun-metal) Ingots for General Engineering 
Purposes. 

382 — 1930. 2/10/88 Bronze (Gim-metal) Castings for General Engineering 
Purposes. 

384 — 1930. Hard Drawn Phosphor Brc^nze Wire, Primarily for Armature 
Binding. 

407 — 1939. Phosphor Bronze Sheets, Strip and Foil (up to 10 S.W.G.). 

409 — 1931. Naval Brass Plates, Sheets and Strips. (Excluding N.B. 
Condenser Plates.) 

421 — 1931. Phosphor Bronze Castings for Gear Blanks. 

444—1932. Plain Dead Soft (Copper Strip, Bars and Rods, for the Windings 
of Electrical Machines. 

669 — 1936. Light Gauge (’opper Tubes. 

672 —1936. Hard Drawn Chopper cadmium Solid and Stranded Circular 
(Conductors for Overhead Power Transmission. 

699 — 1930. (^opper Cylinders for Domestic Purposes. * 

711 — 713 — 1936. Cold Rolled Brass Sheets, Strip and Foil. [Copper, 
80, 85 and 90 per cent.] (Up G) and including 3 S.W.G. thidmess.) 

837 — 1939. Steel Cored Copper Conductors for Overhead Power Trans- 
mission Ihirposes. 

204 — 1926. Hot Rolled Y(‘llow Metal Plates, Sheet and Strip. (Excluding 
(^ondenser Plates and Ships* Sheathing.) 

886 — 886 — 1940. Seamless Brass Tubes for General Purposes (Hard 
Drawn, 25 to 36 Tons per sq. in. Tensile and Annealed.) 

897— -898 — 1940. Leaded Gun-metal Castings and Ingots. \Add. October, 
1940.J [86/5 6/5.1 

900 — 901 — 1940. Leaded Gun-metal Ca*»tings and Ingots. [Add, October, 
1940.] [87 9 3/1.] 

899 — 1940. (Cold Rolled Copper Sheets and Strip (Half-hard and Annealed) 
for General Purposes (up to 3 S.W.G. ). 

920 — 1940. Naval Brass Die Castings. 

932 — 1940. Brass Gravity Die Castings. 

944 — 1941. Cast Brass Bars (suitable for Forging) and Forgings. 

960—965 — 1941. Leaded Bronze Ingots and Castings (from 76/9/0/15 to 
85/10/0/6). 

IV. MlSCELLANEgUS 

206 — 1924. Silver Solder. 

219— 1932. Soft Solders (Grades A, B, C, D, E, F, G, H, J and K) 

220 — 1926. Fine Zinc (or Spelter) (Grades A and B). 

221 — 1926. Special Zinc (or Spelter). 

222 — 1926. Foundry Zinc (or Spelter). 

263 — 1931. Brazing Solders (Grades AA, V and B). 

441 — 1932. Cored Solder, Rosin Pilled. 

374 — 1930. Nickel-copper (Cupro-nickel) Sheets and Strip. 

376 — 1930. Refined Nickel (Grade A). 

790 — 1938. Nickel Silver Sheets and Strip ol 10 to 30 per cent Nickel 
Content (up to and including 3 S.W.G.). 

801 — 1938. Lead and Lead Alloys for Cable Sheathing. 

871 — 1939. Abrasive Papers and Cloths for General Purposes, 
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872 — 1939. Abrasive Papers and Cloths (Technical Products). 

771 — 1938. Synthetic Resin (Phenolic) Moulding Materials and Mouldings. 

668 — 1936. Laminated Synthetic Resm Bonded Sheet (Fabric Base) for 
Use as Gear Material. 

474 — 1932. Synthetic Resins (PhenoLaldehyde Type) for the Manufacture 
of Boards, Tubes and Cylinders. 

488 — 1923. Moulded Insulating Materials suitable for Accessories for 
General Electric Installations. 

547 — 1934. Synthetic Resin Bonded-paper Sheets (Grade 1) for Electrical 
Purposes. 

316 — 1929. Synthetic Resin Varnish Papei Boards and Tubes for General 
Electrical Purposes. 

972 — 1941. Synthetic Resm Bonded Fabric Sheet for El(‘ctrical and 
Mechanical Purposes. (New Standard September, 1941.) 

626 — 1935. Micanite for Commutator Separators. 

231 — 1936. Pressboard for Electrical Pui poses. fExcludmg “Built-up” 
Pressboard.] 

234 — 1933. Ebonite for Electrical Ihxrposes. 

867 — 1939. Safety Glass for Land Transport. 

934 — 1940. Vulcanized Fibre (Natural Colour) Rods and Tubes for 
Electrical Purposes. 

1003, 1004 — 1942. High Puntv Zinc and Zinc All(>>b for Die Casting. 

1007 — 1942. Summary of British and \merican Specifications for Non- 
Ferrous Materials 
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Abrasive resistance of rubbei, 451 
Abrasives, properties of, 358 et seq 
Accelerators in rubber, 425, 431 
Acid anodizing method, 90 
Adhesion to bearing shell, 231, 232 
Admiralty gunmetal, 146 242 
Aeral, 48 
Aeron, 47 

Aeronautical Hesearch Committee, 243 
Age hardenmg, 13, 17, 45, 46 et seq, 
57, 58, 61, 62, 67, 72, 75 
Ageing (see Age haidenmg) 

Air cooled engine temperatuies, 14 
Aircraft applications of plastic maten 
als, 412 seq, 

controls m Bakelito laminated, 

408, 409 

engine bearers, magnesium alloy, 

128 

beaiing metals, 228 232, | 

241, 242, 247, 248, 251 I 

connecting rod bearings, i 

progress in, 229 I 

- - exliaust manifold. Inconel, 

219 

formeiH, 10 

mountings 10 457, 458, 

450 

percentages of diftorent 

metals m, 5 

flooring, plastic bonded, 422 

fuselage, magnesium alloy, 125 

metal ribs, 10 

structuies, 0 et seq, 12b 

et seq 

, plastic mateiials lor, 412 

plywoods, 417 cf ^eq 

sparking plugs 327, S87 . 

undercarriage parts, 10, 128 | 

— uses of synthetic rubbers, 430 

— webs, 10 

— wings, magnesium alloy, 125 
Air Mmistry Specifications (see D T D 
Specifications) 

Airscrew blades, corrosion effect, 122 

— , magnesium alloy, 1 19, 122, 

125 

Airscrews, in plastic materials, 415,423 
Aitchison, L., 17, 42, 49, 58, 102, 106 
Alclad, 80, 85, 413 
Alcoa, 283 
Aldal, 48 


Aldrey, 40 
Aldural, 85, 87 
Alferium, 48 

Alkaline earth, bearing metals, 238, 
240 

^Llloprerie, 435 

Almag, 48 

iVlmalec, 46 

Aim, 194 

Alnico, 194 

Aloxite, 359 

Alpax, 40, 79, 284 

Alpha almninium bronzes, 174 

Alpha beta brasses, 147, 148 

brasses, 147, 148, 149 

— bionzes, 170, 171, 173 

delta eutectoid, 163, 170 

nickel silvers, 221 

solution, 20, 21, 147, 170 

Aluminium alloy bearmg, 246 et seq 

— — ciankcase castings, 79, 80, 

SI 

— cvlmder temperatures, 14 
( yhnders, 37, 48, 64, 68, 69, 
70, 74 

pistons, 78 

piotection methods, 88 

alloj s, 5 et seq , 34 et seq 

, classification of, 44 

— , annealing, 25 

applications, 25 et seq 
base die castmg alloys, 282 
brass, 166 

bronze, 145, 170 et seq,, 293 
chromium magnesium alloys, 44 
commercial grades, 25 
copper alloys, 35 
corrosion resistance, 25 
deoxidizing properties of, 27 
die casting, 273, 282 
, electrical pioporties, 23, 27, 28 
high-strength brasses, 157 
-magnesium alloys, 42 
manganese alloys, 44 

— , mechanic al properties of, 23, 29, 

30,31 

— , melting, 27 

— , microscopic structure, 23 

, motor-car applications, 27 

~ oxide abrasive, 359 

coatmg methods, 80 et seq, 

— , physical properties of, 22 
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Alumimum powders, 30 
—— rolled sheet structure, 24 

sheet metal operations, 91 

properties, 2b 

silicon alloys, 38 

-tin bearing metals, 247, 248 

wire, properties of, 29 

zinc alloys, 37 

Alumino theimics, 32 
Alundum, 3«59 

Alunize aluminium soldenng process, 
100 

American Society of Testing Mateiials, 
306, 307 
Ameripol 435 
Annealing alummuim, 25 

alloys, 48 

coppei, 138, 139 

IiK onel, 21 7 

K monel, 210 

Monel, 210 

nukel, 190 

Anodizmg process, 80, 89, 90 
Antimonial tm solder, 301 
Antimony, effect m load tin solders, 
300 

— , m whitemetnls 233, 234, 

235 230 

, properties of, 332 

Archbutt and Jenkiri, 103 
Arsenic efiect in copper, 142 
Artificial abiasives, 358 et v^r/ 

— lubbers, 435 tt sey 
Asarcoloy bearing metal, 252 
Asbestos fibre fillers, 398 

, properties of, 3f) 1 

Ashberry metal, 320 

Atkins, W E and Cart^\ right, H 176 
Austenitic steel, 77 
Austin engine jnstoiis, 287, 288 
Automobile aluminium castings, 37 
et fiiq , 79, 80 81 

— bearing pressures, 22H 

connecting rod, thin bearings, 

236 

— magnesium alloy castings, 124 
et aeq 

uses of copper alloys, 146 

uses of synthetic rubbers, 440 

€t aeq 

Babbiti bearmg metals, 233, 239 

, improved shell bonding method, 

257 

Baekeland, Dr , 395 
Bahnmetal, 240 

Bakelite applications, 397, 406 et aeq 
bearmgs, 261 


Bakelite-faced wooden spars, 417 

laminated, 407 et aeq, 

— moulding materials, 395 
products, 395 et aeq. 

— resins, 396 
Balata, 381 

Balias (diamond), 364 

Barium effect in nickel alloy, 222, 223 

Basis brass, 146, 152 

— — (loaded), 146 
Batterium, 321 
Bauxite, 22 

Beams (‘omparative strengths of, 414 

— ■— in steel and light alloys, com 
pan son, 8, 9, 414 

Bearing friction, 225, 226 

— , laminated bronze steel, 260 

metal hardnesses, 232, 237, 238 
248 

— — — , lesistance to wear, 226, 227 
metals 225 et aeq 

— — , molting points, 229 

— — , stiengths at elevated teni 

peraiures, 230 

- — pleasures, 227, 228, 229, 243, 251, 
261 

, lubbmg speeds, 228 

— strength of wood, improv mg, 423 
Hearings, Bakelite laminated 261 et 

Htq 

, f learances ioi , 247 
moulded metallic powder, 255 
, lubber, 264 

Bending metal tubing nlliug alloys, 314 
Bend test, ahimimum sheet, 26 
Beiigough, C D 89 121, 123 
Beta (alpha), 40 

— brass, 147 

— solution 20, 21 , 

Beryllium Hlurniniiim pistons, 333 

bronze, 184 tt fxq 
coppei alloys, 184 
— bear irig rneta 1 , 254 
effect m topper 145 
nic kol ullo> H, 1 95 

— , properties of, 332 
Birmabnght alloys, 43, ol, 84, 284 
Birmasil, 284 

Bismuth cadmium low melting pomt 
alloy, 316 

— effect in copper, 142 

— lead low melting point alloy, 316 

— , properties of, 334 

solders, 310 

Bitumen, plastic, 389 

Blanking operations, aluminium sheet, 
56 

Boart (diamond), 364 
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Bond between bearing metal and shell, 
244 

Bonded rubber and metal, 455 et seq. 
Booth, James, Ltd., 85 
Bradbury, 66 

Brake drums, magnesium alloy, 124 

linings, 369, 370 

shoes, magnefinim alloy, 124 

Brass, alpha, 148 
— , alpha-beta, 148 
— , aluminium, 156 
— , basis, 146, 152 
, cartridge, 146, 147, 152 

— , fiee cutting, 146 

, high tensile strength, 137 it seq 

— — , hot stainpmg, 1 63 
, machinable, 156 

— , naval, 1 56 
, red, 146 

, temper-hardening, 160 

Brasses, 146 et seq 
Brazmg alloys, 310 et seq 

— applications, 312 

cast iron, 313 

copper, 137 

fluxes, 312, 313 

— iron and steel, 3 1 1 
Monel metal, 210 

Bright nickel plating, 224 
Bnghtray, 195 

Bristol engme mounting, 458, 4,59 
Britannia metal, 319, 320 
British Alummiuin Company, 3, 4, 26, 
27, 3 J , 40, 4 1 , 44, 4iJ, 78, 79, 91,98 
— Bound Brook Bearing Co , 255, 
259 

— Oxygen C^ompany, 130 
— — Standard Specihcations, 36, 86, 
134, 143, 146, 153, 154, 156, 159, 168, 
169, 276, ,300, 302, 306, 382, 395, 411 
(see also Appendix No II) 

Bronze, aluminium (see Aluminium 
bronze) 

, beryllium, 184 et stq 

die-castings, 292, 293 

insets in alummium cylinders, 77 

, manganese (see Manganese 

bronze) 

, nickel (see Nickel bron/es) 

, phosphor (see Phosphoi bronze) 
— weldmg, 313 
Bronzes, the, 163 et seq 
Brucite, 101 

Bullet envelope alloys, 194, 198 

-proof glass, 380 

Buna synthetic rubber, 374, 435, 438 

Cable, alummium-steel cored, 28 


Cadmium bearing metals, 249 et seq, 
m copper, 144, 249, 335 

- in magnesium alloys, 106, 107, 

117 

in whitemetals, 231 

- — low melting point alloys, 316 

-mercury alloys, 335 
nickel bearing metal, 248, 252 
plating, 33i> 

, properties of, 334 
silver bearmg alloys, 251 
solders, 250, 301, 309, 335 

- zinc solder, 250, 301, 335 
Calcium in magnesium alloys, 120 
(’’an, beaiing metal, 240 
Capcoppei, 152 

(^arboiiate (diamond), 364 
Carborite, 160 
(^arborimdum. 360 
C’arjienter and Edwaids, 35, 171 
C^artndge biass (see Brass, caitridgo) 
('‘ascin, 390, 392 

Castings, aluminium alloy, 36 et seq, 
78, 79 et seq 

, , polishing, 97 

, petrol engine, 78, 79 

, porous, alloy for filling, 316 

Cast lion soldering, 304 
Cathode c opper, 1 35 
('’elastoid, 390 
Cellastine, 390 
Cellulai rubber. 460 
Celluloid, 362 
Cellulose, 363, 390, 392 
— — acetate, 390, 392 
- fluff, 412, 414 
nitrate, 392 

Corail um alloy, 52, 79, 284 

(^eramic insulators, 388 

Cerium in magnesium alloys, 105, 120 

Cerrobaso alloy, 317 

Cerrobend alloy, 317 

Cerromatiix alloy, 317 

Chemigum, 436, 438 

China clay, 22 

Chlorides, corrosion effects in magne- 
sium alloys, 121 

Chromate protection, magnesium 
alloys, 122 

Chromet bearmg metal, 246 
Chromium platmg, 339 

, properties of, 338 et seq. 

Clad alloys, 12, 44, 85 et seq 

alummium, 11, 85 

Clark, C. L and White, A. E. 160 
Cleveland graphite bearmg, 258 
Clutch, rubber-momited, 449, 460 
Cobalt, properties of, 338 
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Coker, E. G., 433 

Cold-drawing effect on brasses, 163 

rolling effect on brass, 166 

— on copper, 142 

shuts in die-castings, 282 

Compo H bearing, 255, 257 
Compression allowance in plastics, 415 
Condenser tubes, nickel -copper, 200 
Conducting rubber, 427 
Constantaii, 194, 202 
Constitutional diagram (see Equilib- 
rium diagrams) 

Contact, metal, 'corrosion, 82 
Contracid, 196 
Cook, W. T., 108 
Copper, 135 ei seg. 

alloys, classified, 146 

, annealing of, 138 

, applications of, 136 

, arsenical, 135, 146 

asbestos gaskets, 373 

-basebearing metals, 233, 239, 240 

die-casting alloys, 292 et seq. 

brazing, 138 

, cathode, 135 

, deoxidized, 135 

Development Association, 139, 

148, 149, 151, 154, 164, 171, 
172, 175, 242 

eutectic aluminium alloys, 47 

gaskets, 374 

, high conductivity, 135, 146 

in aluminium alloys, 35 

lead bearing metals, 146 

, lithium, 1 36 

-nickel alloys, 145, 178 W neq, 

-silicon alloys, 163 

ores, 135 

, physical properties of, 139 

-platmum alloy, 323 

powder, 136 

, refined, 135 

-silver bearing metal, 228 

-tin alloys, 144, 163 et seq. 

, tough pitch, 135 

, welding, 1 38 

wire, 140 

-zinc alloys, 144, 146 et seq. 

expanding alloys, 318 

Cork, engineering applications of, 364 

, properties of, ,363 

Corrosion of aluminium alloys, 60, 80 
et seq. 

of duralumin, 60 

of magnesium alloys, 121 ef seq. 

of riveted joints, 91 

, protection against, 82, 83, 84, 85 

et seq., 88, 89, 90, 122 


Corrosion resistance, aluminium, 26 

^ Inconel, 219 

- — , Monel metal, 209 

— — -resistant aluminium alloys, 41, 

42, 43, 44, 48, 83, 84 

-resisting bronzes, 182 c/ seq. 

nickel alloys, 195 et seq. 

Conmdum, 22, 358 
Couplings, rubber, 449 
Crankcase castings, aluminium alloy, 
79, 80, 81 

— ' , magnosium alloy, 1 24 
Creep of copper, 141 

— of copper alloy, 160, 161 
(V6pe rubber, 425 
Crotorite bronzes, 178 
Crystolite, 360 

Crystolon, 360 

Culverm engine casting, 79, 80 
Cutting lubricauts for aluminium 
alloys, 94, 95 

— - speeds for brass, 166 
Cylinder casting alloys (see Castings, 

alimiinium alloy) 

— liner, nickel bronze, 181 

D'Ant’ET's low melting point alloy, 314 
Debenharn, W, H. and Haydon, F. G., 
327 

Delta bronzes, 182, 186 
Densified wood, 412 
Deoxidizing effect, ahmiimum, 27 
Desch, C. H„ 115. 121 
Diakon, 391 • 

Diamond dies for wire drawing, 367 

- dust, 367 

— , industrial uses of, 334 et seq. 

— -pointed tools, 365, 366 
Die-castings, 265 et seq. 

, accuracy of, 269 

- , advantages, 265 

, aluminium, 266, 268, 282 

— - bronze, 293 

, bronze, 292, 293, 294 

— — , copper-base, 292 

, dies, 271 

, gravity, 265, 286 

, iron base, 294 

lead-base alloys, 273 

, machines for, 272 

— - — , magnesium-base, 289 

— - , Mazak, 275, 276, 277 
— , pistons, 266, 288 

- pressure, 265, 269, 286 
, tin-base, 274 

, Zamak, 275, 276 

zinc alloy, 274 et seq. 

Die costs and outputs, 286 
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Dies, for die-oastiiigs, 271 

, life of, 285, 292 

location alloy for, 317 

Diesel engine bearings, 245, 261 
Differential aeration effect, 82 
Dolomite, 101 
Douglaa, W D , 418 
Dow Metal Company, 101, 125 
Dowmetal, 101 

die-ca stings, 291 

Drilling aluminium alloys, 95 

Bakelite laminated, 409 

magnesium alloys, 132, 133 

Dnng, G ,391 

DTD Specifications, 36, 44, 49, 56, 
112, 146, 283 

Du Prene artificial lubber, 438 

Dura Bond prorosb, 458 

Durak, 275 

Duralplat, 83, 87, 88 

Duralumin, 11, 12, 16, 45, 48, 49 d stq 

-derived alloys, 66 

, strength at elevated tempera 

tures, 16, 17 
Duramold process, 421 
Durex bearings, 258 
Dutch metal, 147 

EBONm, 428, 429, 430 
Electrical brazing method, 313 

conductivities of metals, tabu 

lated, 1 37 

contact alloys, ^22 et seq 

— — bron/es, 186 

— properties, metals and alloys (see 

Physical properties) 

—, plastics (see Physical prop 

erties of plastics) 

purposes, nickel alloys for, 201 

stampings, Bakelite lammated, 

407 

Electrochemical senes of metals, 82 
Electro-coating aluminium pistons, 85 
Electro-deposition of zinc, 355 
Electrode metals, sparking plugs, 222, 
223 

Electro-plating, 88, 89 
Electrotype, 273, 319 
Elektron alloys, 111 it seq 
die-castiiig alloys, 111, 112 

— forgings, 113 117 
fuel tanks, 126, 127 

pressings, 115, 116, 118, 126, 126 

, properties at elev ated tempera- 
tures, 16 

— , soldering, 1 00 

wheels, automobile, 124 

wrought alloys, 112, 117 


Elmvar, 194 

Elongation, percentage (see Mechanical 
properties) 

Emery, 358, 360 
Engme mountmgs, rubber, 442 
Ec|iiihbiJum diagrams of alloys, 18 
etaeq , 36. 38, 110, 149, 164, 170, 234, 
297 

Euieka, 194, 202 
Eutectic, definition, 19 
Eutoctoid, 163 

Exhaust manifold, Inconel, 219 
Expandmg low meltmg point alloys, 
314, 316, 317, 318, 319 
Extiudeti biass and copper sections 
151 

light alloy sections for aircraft, 

11 , 12 

E vies. A, 131 

Fabiucation of beryllium bronzes, 187 
^ — of Monel metals, 209, 210 

of nickel, 192 

of nickel copper alloys, 197 

hatigue cracking, m whitemetals, 231 

— limits, aluminium and magne- 

sium alloys, 120 

— — ,ccppei, 141 

resistance of plastic pl 3 rwood 8 , 

419 

— of reinforced plastics, 415, 
419 

strength (see Mochamcal pro- 
poities) 

bclspai, 358, 385 

FoH base synthetic resin, 412, 413 

, properties of, 367 

l<erodo, pioporties of, 369 
Ferry, 194, 202 
Fibeiglas, 381 
Fibre, maclimmg, 372 
— , pioperties of, 370, 371, 372 
Filing aluminium alloys, 96 
Filleis for plastics, 412 

for rubbei , 426 

Fillmg materials for Bakelite, 396 
Firopioof asbestos suits, 361 
Firestone pneumatic suspension sys- 
tem, 447, 448 

T\ie and Rubbei Company, 442, 

447 

Flaked fabric inouldmg material, 398 

F’lash mould, 402 

Flax cord fabric plastic, 414 

Floormg, plastic bonded, 422 

Fluoride, aluramium-sodium, 22 

Flux-cored solder, 303 

Fluxes for hrazmg, 312, 313 
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imz 

Fluxes for hard soldering, 307 I Hanson and Gaylor, 38 

for soft soldering, 303, 304 Htirdnoss, aluminium, 23 

Formaldehydes, plastics, 393 — - and quenching temperature, dur- 

Forging temperatures, aluminium al- alumm, 59 

loys, 48, 32, 53, 60, 66, — and temperature effect, 17 

68, 74 of cold-rolled copper, 142 

— - , Monel metal, 209 of lead-tin -antimony alloys, 23S 

- , nickel, 1 90 of minerals, 359 

Fox. F, A.. 20, 116, 148, 1,38, 163. 167 - scale. Moh’s. 358. 359 


Frary bearing metal, 240 
Free-cuttmg brasses, 146, 156 
Frictional coefficients, 369 

— , metal bearings. 225, 226. 

243. 250 
Fry, F., 293 

Fuels, leaded, corresion effects on 
magnesium alloys. 122 
Fuselages, moulded plastic, 412, 414, 
419, 420, 421 

Galvanizing process. 355 
Garnet, abrasive, 360 
Gasket materials, 214, 373, 374, 375* I 
Gears, Bakehte laminated, 406, 408 * 

, beryllium bronze, 187 

G.E.C. heavy alloy, 319 
Oenalite bearings, 258 
Genders, R., 349 

General Electric Co. (G.B.), 319, 320 

(U.S.A.), 258 

Motors (^o , 257, 258 

Gilding metal, 146, 147, 151 
Glass, crown, 376, 376 

, flmt, 376, 376 

— insulating tape and cloth, 380 

, Jena, 375, 376 

, properties of, 375 

to metal cement alloy, 316 

, toughened, 380 

, unsplmterable, 377 ei seq. 

Gold contact alloys, 322 et aeq. 

Goodrich, B. F., Co , 435 
Gough, H. J., 11. 35, 105, 187, 228, 
415, 423 

and Sopwith, D.G., 187 

Gram sizes, abrasive numbers, 360, 361 
Graphite bearmg metals, 255, 258 
Gravity die-castings, 265, 286 
Greenwood, H., 230 
Griffiths, W. T., 234 
Grmding aluminium alloys, 96 

magnesium alloys, 134 

Guertler, 196 
Gunmetals, 146, 166 

, Admiralty, 146 

Gutta-percha, 381 


Hardnesses, bearing metals, 232 
Hol’d soldering alummiiim alloys, 98 
Hart -stilus C.. 412, 414 
Haughton, J and Prytherch, W. E., 
116 

Heat conductivity, alunumum, 28 
expansion coefficients, 329 
Heat -treat a bio aluminium alloys. 45 
- - -tieatment bath, alloys for, 315 

— of ahunmitim alloys, 45, 47, 48 
of aluminium bronzes, 177 
of l)6'rv Ilium bronzes, 188 
of brasses (tomper-hardenuig), 

160 

of duralumin, 58 
of K -monel, 216 
of nickel -aluminium bronze, 181 
of nickel-copper alloys, 197 
of R.R. alloys, 65 
of Y-alloys, 65, 74, 75 
Helvetia leather belting, 382 
Heioult fumaco, 22 
Hessenbruch, W., 185 
Hevco(‘k, C T. and Neville. F. H., 233 
Hickory m plastjc-bouded plywood, 419 
Hiduminiuni (see R.R. alloys) 

— “15.’' 84 

— “33.” 84 

High Duty Alloys, Ltd., 66 

— - melting pomt solders, 306 
nickel bronzes, 178 aeq, 

— nickel-copper alloys, 163 

strength brasses, 157 ei aeq. 

magnesium alloy, 117 

— wrought aluminium alloy, 

71 

Hoblyn, J. B., 68 
Horse-power of belting, 382 
Hot brass stampings, 148, 153 
Hot-sliort aluminium alloys, 37, 41, 74 
Hot-shortness of Y-alloy, 74 

stamping brass, 163 

working aluminium bronzes, 176 

Hughes, F. A., Ltd., Ill, 116, 133 
Hull, construction, flying boat, 13 
Hume Rothery, 104 
Hydraulic bronzes, 183 
* — presses for plastic moulding, 399, 
400, 403, 404 


Hansgiro process, 101 



mmx 


m 


Hydrogen furnace braixuig of copper. 

Hysteresis effect m rubber, 434 

Imfukities in soft solders, 302, 303 
Inconel, 194, 216 et seq 

exhaust manifolds, 210 

springs, 219 

Insulating matenals, 380 
tape, 380, 181 

Insulation, glass thread, 380 
Intererystallme corrosion, aluminium 
alloys, 61 82 122 

— — , zinc base alloys, 270 

International Tin Keseaich and De 

velopment Council, 303 
Invar, 194 

Indium platinum (see Platinum in 
dium alloy) 

, properties of, i42 
Iron base die casting, 294, 295 
Izod impact strengths (sec Mechanical 
properties) 

Jabkoc, 412 

Johnson, Matthey, Ltd 123 
Jomt lings. Monel metal 214 
Jones W R D , 108 

Kaoi in i85 

K L G sparking plug, 327, ^87 
K monel, 213 214 
Konel, 321 
Koroseai, 435 

Laminate 11 bron/e steel bearing 260 

fabric gears, 406, 408 

plasties, 406 et seq 

Landing wheels, magnesium alloy, 128 
Lanolin protection for metals, 90, 122 
Latex, 425 
Lautal, 40, 47 

Layrub univeisal coitplmg, 449 
f^ad antimony alloys, 315 

tin solders, 206 et 9eq 

*base bearmg metals, 233, 237 

die easting alloys, 273 

— -bronze bearing metals, 228, 232, 

241 etseq 

bearmgs, powdered metal 
type, 256 

— c oated metals, 343 

— , — -containing brasses, 146, 156 

— — bronzes, 165 

— effect m copper tin bronzes, 1 66 
in whitemetals, 236 

, of tellurium m, 343 

, properties of, 342 


Lead’Silver soldtors, 301 

Leaded basis braiss, 146 

Leather, properties of, 382 

Light alloys m engme^ng, 4 el 0eq, 

Ligno neoprene, 374 

Linot 3 rpe alloy, 273, 319 

Linoxyn, 383 

Lniseed oil, 382 

Lipowitz's alloy, 314 

Liquidus curves, lead tin, 297 

— — , nickel copper, 196 
line, 19 

Lithium m copper, 136 
Lockheed, 451 

Lodge sparking plug, 327, 387 
Low melting point alloys, 314 

— nickel bronzes, 178 170, 180 
Lucite, 380, 391 

Lurgi bearing metal, 240 

Macbeph, Cohn, 442, 449 
Machinable bronzes, 166, 167 
Machining alummium alloys, 93 et seq , 
365, 366 

Bakehte laminated, 400 410 
fibre, 372 
Inconel, 218 

magnesium alloys, 131 ci seq 
I Monel metal 210 

. nickel 100 

' rubber, 435 

— speeds, 365, 366 
Magnesite, 101 

Magnesium alloy applications I14e^«e^ 
alloys 101 et 9eq 

— heat treatment of, 110 
casting alloys, 108, 124, 129 
copper alloys, 108 

— die casting alloys 111 112, 289, 

201 

effects of othc^i elements in, 106 

106 

Ignition precautions, 104 
in aluminium alloys, 42, 43 

— manganese alloys, 105, 117 
silicate group of alloys, 46 

— - , structure of, 105 
, 'welding of, 120 

wrought alloys, 111, 112, 115 

Magnolia alloy 273 
Manganese bronze, 146, 160 

— in alummium alloys, 44 

ui magnesium alloys, 107 

— - , properties of, 344 
Manganin, 202 

Mazak die oastmgs, 273, 275 et seq 
I M B V aluminium alloy protection 
I process, 88 
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H^hanioal properties, ^Alolad and Al- 
dural, 87 

— , alumuuuni, 23 

^ -bronze, 171,172,173 

, -copper alloys, 36, 37 

^ -magnesium alloys, 42 

— ^ manganese alloys, 44 

, silicon alloys, 38, 40, 

41 

— wire, 29, 30 

^ jruic alloy, 37 

at elevated temperatures, 

44, 16, 16 

— — , Asarcoloy bearing metal, 

253 

— , Bakehte lammated, 410 

— bearing alloys, 2S2, 242, 

248, 250, 261, 253 

, brasses, 154, 158 

— . ^ cadmium bearing metal, 

260 

— , chill (*ast aluminium 

brasses, 158 
~ , copper, 139 

— , Dowmetals, 291 

— , duralumm, 16, 58 tt seq 

— , Elektron, 16 

— — , G.E.C. heavy metal, 320 

, gunmetal, 167 
, Inconel, 217, 218 

— , K-monel, 215, 216 

~ , lead-tin solders, 299 
, magnesium, 102 

— , aUoys, 106, 107, 109, 

112, 117, 119, 120 

— — , Mazak alloys, 277 

— — , Monel metal, 204, 206, 207, 

208 

, nickel, 190, 191 
, — copper alloys, 197, 

198 

, non-ferrous metals, 4 

“ , phosphor bronze, 168, 169 

, plastic materials, 390, 392, 

394, 395, 398, 410, 413, 
414: etseq 

— , RR. alloys, 16, 16, 65 

— , rubbei, 431 , 432 et aeq , 442 
— , super-duralumin, 61, 63 

— , whiteinetals, 230, 232, 236 

, Y-alloy, 16, 16, 65 

Meltmg point, bearmg metals, 229 

pomts of metals (see Physical 

properties) 

Mercmy-cadraium alloys, 335 
Metalastik, 456, 457 
Metallic powder bearmgs, 265 
Metal spraymg process, 89 


Methyl-methacrylate, 389, 391 
M G 5 aluminium-magnesium alloy, 
43, 128 

M.G 7 alummium-magnesium alloy, 
43, 128 

M.G. 9 alummiurn-magnesium alloy, 48 
Mica, amber, 384 

, Muscovite, 383, 384 

, properties of, 383 

, ruby, 384 

sparking plug insulation, 386, 386 

, white, 383 

Micamte, 383, 385 
Miorostructure, Aklad, 86, 87 

, aluminium, 24 

— -bronze, 174 

— , — silicon alloy, 39 

, brass, 147 

,<oppei tin alloy, 164 

— , leail bronze bearing metal, 244 

— , Monel metal, 203, 205 

nickel clad steel. 193 
R K alloys 67 

, tin copper antimony bearmg me 
tab 235 

— , whitemetal, 227 
, Y alloy, 75, 76 

Millei, H J , 163 
Millmg aluminium alloys, 95 

Bakehte laminated, 411 

magnesium alloys, 133 

Mmofor metal, 320 

Modulus of elastuVity, aluminium, 23, 
29 

, aluminium- bronze, 172 

copper, 141 

, duralumm, 59 

, magnesium, 102 

,, Monel metal, 206 

, nickel, 191 

^ phosphor bronze, 169 

Moh scale of hardness, 358, 359 
Molybdenum, properties of, 344 

wires, 344 

Monel-faced plywood, 213 
Monel metal, 194, 204 et aeq, 

shaft bearing metals, 254 

Monocoque fuselage, magnesium alloy, 
125 

Monotype alloy, 273, 319 
Moore, C F., 336 
Mortimer, G., 46, 46, 47, 48 
Moulded airscrews, 423 

plastic bonded plj woods, 419 

aeq 

Mouldmg methods for plastics, 400, 401 
402, 403, 405, 406 
presses for plastics, 399 et aeq. 
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Mumetal, 194 

Muntz or yellow metnl, 147 
Murphy, A. J , 244 

Mtiiray, H D and Hpeticer, 1) A , 377, 
378, 379, 380 

N A ALUMiNii M al1o\a 5b, 57 79 S.>* 
284 

National Physical Laboratory, 120 
Naval brass, 1 56 
Neave, D P C’ , 145 
Neoprene synthetu inbboi 374, i35 
436 

Newton’s metal, 314 
Nickel alloy foi high teinpeiaturc nsc' 
221 

alloys, 189 tf siq 
nliiminiurn bioii/e, 79 IHI 
baiium alloy 222, 327 
beryllium alloys, 195 
bronze tylinder liiaa IS I 
bion/es, 178 d 
( arbonyl, 187 
clad steel platf 193 
coinage, 222 
coppei alloys, 19b 

till allots, 163 
effect in chopper, 145 

in cop))eT tin bionzcs 16(» 
178 et seq 

, malleable, 189 tt neq 
- - ores, 189 

— -plated duralumin. 62 

- plating, 223 ct scq 
— , properties of, ! 87 

silvers, 194, 220 vc/ 

Nickehnt*, 202 

Nightingale, S J 300 ' 

Niobium, propel ties of. 344 
Nomag, 194 

Non-sparking bronzes, 170, 187, .333 
Noithern Alumininni Company, 49, 85, 
94, 98 
Nylon, 417 

()ak-tannji. 1 ) leathei, 382 
Oil-impreignated beaniigs, 260 
Onion’s metal, 314 
Oscillith resilient bush, 459, 460 
Osmium platinum contact alloy, 324 
Oxide-coated pistons, S4 

Pacz, 34 

Paint, alumnnuin, 31 
Palladium, 345 

— contact alloys, 322, 324, 326 
~ - -copper alloy. 326 
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Permalloy, 194 

Permanent plasticity m bearing metaltb 
229 

Peispex, 380. 391 

Petrol engine alummmm c'astmgs, 78 
i t seq, 

magnesium «illo^'^8, 1 20 

<t srr/ 

Pewters, 296, 320 

Phenol fomiaklehyde plastics, 393 
Phenolic resin abrasive wheels, 368 
Phosphor bionze, 146, 167 ef mq 
bearing metal, 242 
cold woikmg effec‘t on, 168 
, high tm, 169 

, mechanical pioperties of, 

169 

wires, 168 

c oppei brazing alloy, 312 
I’hosphorus effect in coppei -tin bronzes 
165 

Physical pioperties of aluminium, 22 
, aluminium- bronze, 171 
, copper alloys, 37 
, Bakolito hearing material, 
261 

bearing metals, 24 1 
brasses, 149 
copper, 137, 139 
. duralumin, 60 
. Eektron, 112 

— , (11 E C lieavy metal, 319, 
320 

- , glasses, 376 

— , Inconel, 216, 217 

— , K monel, 213, 214 

— . load tin solders, 299 

— , magnesium, 102, 103 

— ^ _ alloys, 105, 121 

, micas, 384 

— - , Monel met»«l, 204 

— - , nickel, 1 90 

~ , — bronzes, 184 

— , -copper alloys, 202 

, non-ferrous metals, 3 
, plastics, 390, 391, 392, 394, 
395, 398, 410 
. pore elains, 386 

— - , R.R alloys, 64 

, rubber, 430 

, Y-alloys, 31, 64 

Pilling, N. B. and Kihlgren, T. E , 166 
Piston, alloy, temperatures, 14 

aluminium alloys, 15, 16, 64, 65, 
i^^eteeq 

Pistons, designs of, 78 

, oxido-coated, 84, 85 

Planmg alummium alloys, 94 



i76 


BNOINKBIRING MATSBIALS 


Plastic bearing metals, 236 

-bonded plywood, 412, 417 

— — bronze, 163 

materials, 389 et seq 

Platinum, 322, 323, 3^45 
— — contac t alloys, 322 ct seg 

-copper, 323 

-gold silver, 324 

indium alloy, 222, 323, 324, 327 

-rhodium, 325 

— - -silver, 324 
Plexiglas, 391 
Plumbers’ sdlder, 298 
Plunger mould, 402, 404 
Plywoods, plastic bonded, 417 
Polishmg alummiiim alloys, 97 

magnesium alloys, 1 34 

Polystyrol, 389, 391 
Polyvinyl, 389, 391 
Porcelams, properties of, 385 
Positn e flash mould, 402 
Potassium fluoride, magneMum piotei 
tion method, 122 
Powdei metallurgy, 255 et stq 
Precipitation heat treatment alumni 
lum alloys 45, 47, 54 55, 63, 67, 71 
Pressings, aluminium allo^, 91 
Pressure die castings, 2b5, 2b9 286 
Pressures, bearing (see Boaiing pies 
sures) 

Price, W B , 141 
Prince's metal, 320 
Proof stress, 0 l®„, (> 

— and coiiosion S2 

Protection against corrosion, 82, S3, 
86 et fieq , 1 22 ct *ieq 

Protective c oat mg prepaiations, 90, 1 22 
Pump, centrifugal, lubber lined 4 >2 
Punches, foi fibie sheet, 373 
, locating allo\ for, 317 

Quartz, 347, 385 
Queen s metal, 320 

Radiaiok gillies, die < ast 279 

, rubber mounting, 450 451 

HAE magnesium alloy piotectum 
process, 123 
Randolph, D W , 223 
Reaction soldering, aluminium alloys, 
98, 99 

Reaming ahimmium alloys, 96 

ipagnesium alloys, 132, 134 

Red brass, 146, 147 

Reduction of area (see Mechanical 
properties) 

Reflectors, rhodium-plated, 347 
Reinforced plastic mli'tenals. 412 e/ ^ 


Reimnger, H , 116 
Relt, 368 

Reynolds Tube Co , Ltd , 10 
Rhodium plating, 346 

platmum contact alloy, 325 

— , properties of, 346 

Riveting magnesium alloy sheet parts, 

127, 128 

Rivets, aluminnun alloy for, 43 
Rolls Royce bearmg metals, 247 
— , Ltd , 66 

Rosonhain, W and Archbutt, S L , 38 
I — and Lantsbury, 173 
Rose s metal, 314 

Royal Aircraft Establishment, 418, 419 
I R R alloy bearmg metals, 246, 247, 248 
alloys, 7, 8, 11, 12, 15, 16, 17, 52, 
I 66 et VC (/ , 246, 284 
Rubber accelerators, 42t5, 431 
applications, 439 et {*eq 
artificial, 435 et seq 
I , associated pioducts, 451 
beaimgs, 264, 454 
belting, 452 

bonded metal, 45A.c/ seq 
cellular 460 
compounds, 425 et neq 
conducting, 427 
crdpe, 425 
. cTude, 426, 430 
engine mountings, 442 it nq 
filling materials, 426 

— Growers’ Association, 429 449 
hose, 452 

, hysteresis effect of, 434 
latex, 425 

— linmgs for pumps, etc , 452 

— machinery insulation, 463 

— , machmmg of, 435 

- — motor tyres, 429 

', properties of, 430 

purification, 426 

, reclaimed, uses of, 427 

— sioftness, 427 
. sponge, 460 

springing systems, 445, 446, 447, 
448 

™ steel spring bushes, 469 

, synthetic (see Rubber, artificial) 

, vulcanization of, 428 

, vulcanized, 429 

— wearing properties, 461 
Rubbmg speeds, m bearmgs, 226, 22b, 

229, 243, 261, 262 
Russell, 296 

Ruthenium-platmum contact alloy* 324 
! Safety glass. 377, 391 
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water spray test^ 

Band as abrasive, 360 
Baran, 417 
Sargent, G. J., 341 
Sargent^s solution, 341 
Satco bearing metal, 240 
Sawing aluminium alloys, 06 
Schmidt, 121 

Scoop zme coating pro( ess, 35b 
Screw-cutting alunuuiura alloys, 95 

magnesium alloys, 134 

Season crackmg, 1 3 
Selenium protection process, magnes 
lum alloys, 123 

Self lubricating bearings, 255 H scq 
Sheet metal magnesium pressings, 115 

work, alummium 91 

Shellac binding mate? lal, 358 

- compound, 392 
Sherardizmg process, 356 
Shrmkage c avities, 288 
Shiinkages, die (astiiigs, 277, 28S 

— , plastic materials, 415 
Hidery, A J , and Willstiop J W W , 
90 

bifbronre, 312 
Silentblo( , 444 
Silfos, 312 

Silicate abrasive heels, 358 
Silico bronze bia/ing alloy, 312 
Silicon alummium clloy sheet, 41 
bronze, 18^, ol2 

-carbide abrasive, 359 

m aluminium alloys, 38, 283 

- m bearing metals, 251 

— in magnesium alloys, 1 08 
, properties of, 347 

Silhmamte, 388 
Silumm, 40 

S Iver, contact alloys, 322 ei aeq 
, effect in beurmg metals, 251 
, — m copper alloys, 144, 320 

— , — m magnesium alloys, 104 
— , properties of, 348 

solders, 296, 305, et aeq 

— , stam resisting, 335 

, standard, 326 

Silvering liquid alloy, 316 
Silveroid, 194 

Smtered alumimum oxide, 388 
Sloman, H A , 195, 332 
Smalley, O , 158 
Softeners, rubber, 427 
Soldermg alummium and its alloys, 
98 et aeq 

- alummium bronze, 306 
cast iron, 304 

— Inconel, 218 


4Uf 

Soldermg Monel metal, 210 

nickel, 192 

powders, 303 

Solders, 296 et aeq, 

, antmionial-tin, 300, 301 

, bismuth, 310 
, B S S , 302, 306 
, cadmium, 309 
, - /me, 301 
, fluxes for, 303 

for elevated temperatures, 301 
, hai d, 296, 305 
, high meltmg pomt, 306 

- , impurities in, 302 

lead silver, 301 
~ , lead tm, 296 
, plumbers’, 298, 303 
, silver, 296, 305 
, soft, 296 et aeq 
— — -, tin, 298 

, tinman s, 298 
Solid solution state, 18, 34 
Solidus curve, nickel copper, 196 

— line, 19 ^ 

Solution heat treatment, 45, 50 et aeq , 

65, 771 

Sparking plug electrode metals, 222, 
223, 327 et aeq 

- msulating matenals, 386, 
387, 388 

bpecifu giavities («»ee Physical prop 
ertms) 

strengths of aircraft materials* 
413 

- tenacity, 119, 124,412 
Sphinx sparkmg plug, 387 
Spinning alumimum alloy sheet, 92 
Sponge rubber, 460 

Spring calculations, phosphoi bronze, 
169 

shackles, 444, 445, 446, 447 
Spnngmg systems, rubber, 444 et aeq. 
Springs, boiyllium bronze, hi| 
strength, 186 

Stampings, alummium alloy, 64, 72 

, Bakelite lammated, 407 

-- , hot brass, 148, 163 

, magnesium alloy, \}tiet aeq 

Standard silver, 326 
Steam bronzes, 183 

fittmgs, Monel metal, 212, 213 

, nickel bronzes for use in, 182 

Steatite, 385, 386, 389 
Steel and light alloy comparisons, 6, 7, 
8,9 

applications, airciafb, 10 

Steermg wheel, rubber iim, 460, 461 
Stereotype, 317, 319 
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Stiffness of Ught alloys, 5 et 8eq, 
of sheet metals, 7 
— -to-weight consideiutions, o 
Stove-enamolling die-castmgb, 28 1 
Strength-to- weight, 5, 401 
Strengths (tensile) at ele\ ated ternpeia 
turos, alum in 
linn bion/<\ 
173 

brasses, Ifal 
bron/es, 101 
loppei, 141 
— alloys, 100 
Crotoi ite bron/t 
178 

Till onel, 217,218 
K monel, 21 1 
light alloys 14, 
15, 10, 71, 73 
magnosuim 
alloys, 1 03, 12o 
>101101 metal, 
200, 207, 208 
nickel hi on/es, 

183 

nickel coppei 
alloys, 1 00, 
207, 208 

w hiteinetals, 2 10 

Stress stiuin curves for lubbei, 433 
Structuie, magnesium allov sheets, 1 1 > 
Styrene rosin, propeities of 302 
Super duralumin, 11, 45, 48, 01 (f siq 
Surface finishes, /me base die i astings, 
280 

Sutton, H , ()1 

Synthetic lesiii bondeil fain i< sh< et 4 1 1 

— resins, 389 (t seq 

— nibbers, 435 ef siq 

Tahcxj^iuno mai limes, 401, 402 
3'anks, fuel, m inagiieKiurn allo\ 122, 
120, 127 

Tantalum, propeities of, 349, 350 
Tapping aluminium alloys, 05 

— magnesium alloys, 132, 134 
Tapaoll, H J and Biadley, ,1 , 208 
Tellurium lead, 343 
Temper-haidemng brasses, 100 

— of bi asses, 154 

Ternjierature effect, beaiuig metals,230 
on baldness, 17, 71 
on metal properties, 14, 16, 
16, 30, 71, 73, 103, 120, 
141, 160, 161, 162, 173, 
178, 183, 200 

— on strength of aluminium 

wire, 30 


Tempeiatuie of alummium alloy cylin- 
dei, c>t( , 14 

langi's foi working beryllium 
bronzes. 187 

Temperatures, age hardening (see Age 
haidenmg) 

Terapormg hath, alloys foi, 315 
Tensile stiength (see Meihanual prop- 
eities) 

Terne sheet s, 343 

Tests, nns})hnteiablc glass 380 

Texolf \, 424 

Theimal rondin tiv ities ol metals, tabu 
lated, 137 

condui ti\it\, bcMiiing metal, 
230 

piopi‘rties metals and alloNs (see 
Thvsical propeities) 

Thermite welding process, 32, 33 
Theimo < oiifile pviometeis 201 

plastu inatenals 389, 392, 393 
setting materials, 389, 394 
Uhl I most at i( metal expansion toefh 
f lents, 329 
metals, 328 (t siq 
Thill whitenutal lined l)i*Himgs, 23t) 
Thiokol 175, 435 438 
Timms plastii moulding })ioi ess, 421 
111! base healing metals, 233 (t seq 
die ( astmg allo> s, 274 
hisiuuth low melting point alloy, 
310 

( Hilmiuin li/W melting point 
alloy, 310 

lead bismuth alloys melting 
points, 315 
])ropeitios of, 350 
solder, 298 

Timnan s soldei, 298 
Tools, mai liming, diamond, 305, 360 
Torsional strength. Monel metal, 208, 
209 

Toiigliened glass, 380 
Tri fabiicatod automobile bennngs 
237 

Tripoli, abiasive, 360 
Tubes, fibre, 372 

- , silver alloy, 348 
Tungsten contact alloys, 323, 324 

, properties of, 351 

- sparking plug olectiodes, 327 
Turbine blades, Monel metal, 212 
Tumei and Mu i ray, 318 
Turning alummium alloys, 93 

- ~ Bakelite laminated, 409 

- magnesium alloys, 133 

pistons, diamond tools, 365 366 

Type metals, 273, 317 318 
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UNDtRWATf R beaiiugs, 264 
\ 1 rea for tnaldt li v He plastics, ^ 

Vaivi facmgs, nKk(3l hion/f 180 
seating bionzc iiisoits 77 70 
— — Monel inserts 21J 

lings 77 79, 212 
Vanadium piopeitu ^ of I'Si 
Vunxliull engine mounting 442 441 
VeiKiiH plastii hori(l((l 417 (t nnf 

V eiie Hui glass 17 » 

Vidal moulding ]>io(iss 421 
Vinyl (hloiidi \< ( t »tt Hsins 102 
Vitrified ahiasne wlm 1 15S 

V u]( anitc 42s 

V ul( ani/ation, i uhln i 42S 

V ii1( ani/ed 1 ubU t abrasm wIimI 1 »8 

V\ A( Ni H s na tal 320 
Watt! absoiption plastit matt nils 
4K> 

Wen Ksislantt f lu ni ig nittaU 22(> 
227 

tests btaung mt tals 24) 

W eights (st ( Pb>sif d pioptitits) 
ot da ( astings 28) 
of non ft nous met i Is 1 
stiengths ind stiff m ssi s 7 
W tiding nluiiiinium allo\s 0" 
magntsium illo>s 120 
Monti metal 210 
nuktl 101 

1 her mitt piutt-^s 12 M 
Wheels aiHiaft iiugnesium illo> 12^ 
aufomobilt magntsium alloy 
124 

Whitbv 1^1 121 

Wbittmefals foi btanugs 227 210 

212 211 ft sty 

Wiggin H cV ( o 1 td ion 102 204 
200 *111 

Wilt o tberiiKHiK t ils 110 HI 
Williams, E \ 417 

Williams H 122 
Wilm *14 
VVilmil 40 70 


Wmg, aircraft, consti notion 10, 11 
Winkler, Dr , 433 
Wintoi 1) B , 117 
Wire uluminium, 20, 10 
I , t opper cadmium, 144 

diawmg tlios tliamond 167 
Monel metal, 20() 
nickel (oppei, 108 
phosphor bron/t» I ()0 
I W ise It. M and I ash J f 127 
Woodftmctal 114 115 
W taking mailt alilti nit kt I 1 02 
VV Fight (V(1oni> t ngmt t vlu» lei 70 
W roughi aliimiiiiiiin alloys 47 70 (4 
vt?y 64, 6 ) 71 r/ sty 
magnt siiun alloys 117 

I Xyidmii 162 

V \iio\ 1> 4) >4 72 t/ wty 2s 4 
\ t How mt tal 147 1)1 

ZyM\Jv 277 

/me alloy die t astmgs 274 et vt / 
dies 174 
Wirt 174 

mt kel plating 224 
ilunimuim beai iiig metal 24K 
bist beaiuip, mtlals 240 
(he f astmg alloys 274 
. Iiiomalt pi ittfiyt pigmt nf 

I 00 122 

(oattd nit tals toiiosion prott i 
tion 82 

( ffet i in soldeis 102 
t )uivaknf s 111 ( oppt r /UK alloys, 
1 77 

m aluminium alloy s 17 
in copper tin bion/es, 166 
III magnesium dloys 107 
It tid loyv mt Itmg point alloy 1 1 0 
properties of 173 
, rolled, 354 

Zipper magnesium allo> wheel 1 24 
/iiconium properties of 377 





